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PREFACE. 


The  Graptolites  of  the  Quebec  group,  which  are  the  subject  of  the 
present  Decade,  were  first  discovered  at  Point  L(jvis  in  1854,  and  were 
then  confided  for  investigation  and  description  to  Professor  James  Hall  of 
Albany,  the  distinguished  Palaeontologist  of  the  Geological  Survey  of  the 
State  of  New  York.  This  was  prior  to  the  appointment  of  Mr.  E. 
Billings  as  Palaeontologist  to  the  Canadian  Survey,  in  1866.  After  a 
preliminary  notice  communicated  by  Professor  Hall  in  1855,  extensive 
additions  were  made  to  the  collection  of  Canadian  Graptolites,  which 
were  placed  iu  his  hands ;  and  in  1858  descriptions  by  him  of  nearly 
all  the  species  here  figured  were  published  in  the  Report  of  Progress 
of  the  Geological  Survey  of  Canada  for  1857,  but  without  illustrations. 
Figures  of  one  of  the  species  were  however  published  in  the  Canadian 
Naturalist  for  June  1858 ;  but  various  accidental  difficulties  having 
occurred  in  the  preparation  and  engraving  of  the  plates,  the  publication 
of  the  Decade  has  been  delayed  until  the  present  time. 

It  is  to  be  remarked  that  although  the  name  of  Decade,  under  which 
Parts  I,  III,  and  iv  were  published,  is  still  retained,  this  monograph  is 
illustrated  by  not  less  than  twenty-three  plates.  These  are  all  from 
excellent  drawings  by  Mr.  R.  P.  Whitfield  of  Albany.  Twenty-one  of 
them  were  engraved  on  steel  by  Mr.  James  Duthie  of  New  York,  and 
the  remaining  two  were  lithographed  by  Mr.  F.  J.  SwiNTON  of  Albany. 
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IN  TRODUCTION. 
§  I. — NATURE  AND  FORM  OF   GRAPTOLITES. 

Until  recently  the  graptolites  were,  with  two  or  three  exceptions,  known 
only  ag  simple,  straight,  or  slightly  curving  linear  stipes  or  stems,  usually 
lying  in  the  same  plane  upon  the  slaty  laminse  in  which  they  were  imbedded. 
Nearly  all  these  were  evidently  fragmentary,  and,  though  varying  some- 
what in  their  proportions,  rarely  exhibited  anything  that  could  bo  regarded 
as  the  commencement  or  termination  of  their  growth  or  development. 
These  bodies,  in  their  flattened  condition,  present  a  range  of  serraturea 
either  on  one  or  on  both  sides  of  the  stipe ;  and  seldom  preserve  more 
of  their  substance  than  a  carbonaceous  or  corneous  film  or  test  of  extreme 
tenuity.  Under  more  favorable  circumstances,  these  serratures  are  dis- 
covered to  indicate  the  apertures  of  cellules,  symmetrically  arranged  in 
reference  to  each  other,  and  to  the  axis  of  the  linear  stipe.  Others  show 
parallel  entire  margins,  with  transverse  indentations  across  the  central 
portion  of  the  stipe.  This  appearance  we  now  know  to  be  due  to  the 
direction  of  the  pressure  upon  the  body  exevted  at  right  angles  to  the 
cellules,  and  which  will  be  explained  in  the  sequel. 

The  earliest  opinion  regarding  these  fossils  was  that  they  were  of  vege- 
table origin ;  and  they  have  been  thus  considered  by  some  authors  even 
at  a  very  late  period.  Subsequently,  they  were  referred  by  Wahlenberg, 
and  after  him  by  Schlotheira,  to  the  Cephalopoda,  being  regarded  as 
extremely  slender  orthoceratites.  This  opinion  may  have  received  sup- 
port from  specimens  in  such  condition  as  G.  scalaris,  where  the  indentations 
are  limited  on  each  side  by  a  continuous  margin  ;  but  in  such  as  present 
a  single  or  double  scries  of  marginal  serratures,  the  analogy  seems  very 
remote.  Professors  Geinitz  and  Quenstedt  advocated  the  same  view  at 
a  much  later  date  ;  though  it  has  since  been  abandoned  by  these  authors, 
from  more  extended  investigations. 
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Professor  Nilsson  first  suggested  that  grnptoHtos  wore  Polypiaria,  belong- 
ing to  the  family  Ceratophyta.  Dr.  Beck  of  Copenhagen  regarded  them 
as  belonging  to  the  group  Pcnnatulidae,  of  which  the  Linnean  Vtrj/nlaria 
18  the  most  nearly  allied  existing  form.  Sir  Roderick  Murchison  has  adopted 
this  view  of  the  relations  of  the  graptolites,  in  his  Silurian  System.* 
General  Portlook  has  fully  recognized  the  graptolites  as  zoophytes, 
and  has  pointed  out  their  analogy  with  Sertularia  and  Plumularia. 

The  relations  of  graptolites  with  the  Cephalopoda  had  already  been 
fully  disproved  by  M.  Barrande  (in  the  first  chapter  of  his  "  OraptolUes 
de  Boluhne^^),  before  the  al)undant  materials  for  the  refutation  were  dis- 
covered in  the  graptolites  of  the  Quebec  group ;  and  most  naturahsts  were 
already  agreed  in  referring  those  bodies  to  the  class  of  Polypi,  to  which 
they  doubtless  belong. 

More  recently,  Mr.  McCrady,  of  South  Carolina,  has  published  a  paper 
on  the  "  Zoological  Affinities  of  Graptolites,"!  in  which  he  has  endeavored 
to  show  the  similarity  of  the  graptolitic  forms  with  the  Echinoderm  larvre, 
as  illustrated  by  Miiller.  There  is  certainly  much  resemblance  between 
the  enlarged  figures  of  that  author,  and  some  forms  of  graptolites  in  the 
shales  of  the  Hudson  River  valley ;  while  some  of  the  figures  with  central 
discs  have  a  more  remote  analogy  with  certain  forms  from  the  Quebec 
group.  Some  of  the  toothed  rods  of  the  Echinoderm  larvse  likewise  bear 
a  resemblance  to  the  graptolites  iigured  by  Mr.  Suess ;  J  and  there  are  still 
farther  analogies  pointed  out  by  Mr.  McCrady,  which,  however,  may  not 
be  regarded  as  of  Cijual  value  by  the  greater  number  of  naturalists. 

For  ray  own  part,  although  admitting  the  similarity  of  form  and  of  some 
of  the  characteristics  which  were  very  kindly  pointed  out  to  me  by  Mr. 
McCrady,  long  before  his  publication,  I  cannot  recognize  the  analogy 
sought  to  be  demonstrated.  The  establishment  of  the  fact  that  these 
toothlets  or  serraturcs  are  the  extensions  of  true  cellules,  each  one  having 
an  independent  aperture,  and  communicating  with  a  common  canal,  should 
offer  convincing  argument  against  these  bodies  being  other  than  polyp- 
bearing  skeletons.  But,  in  following  the  extensive  series  of  forms  now 
presented  to  us,  we  have  much  evidence  to  show  that  some  of  these  were 
attached  to  the  bed  of  the  ocean,  or  to  other  bodies  ;  while  the  greater 
proportion  of  the  species  and  genera  appear  to  have  never  been  attached 
to  the  sea-bottom. 

It  may  not  be  easy  to  determine  precisely  the  family  to  which  these 
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•  Silurian  System,  page  G94  ;  and  letter  of  Dr.  Beck,  pp.  695-6. 

t  "  Remarks  on  the  Zoological  Affinities  of  the  Graptolites,  by  John  McCnidy,  made 
before  the  Eliot  Society  of  Natural  History  of  Charleston,  S.  C,  at  the  meeting  of  July 
13,  1857."     [Extract  from  the  Proceedings,  vol.  i.] 

t  Nuturwissenschafllicho  Abhandlungea.     Vierter  Band.    Tab,  viii  and  ix. 
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graptolitic  forma  should  bo  roforrccl ;  nor  is  it  certain  that  the  oxtcnaive 
series  now  presented  can  all  properly  be  referred  to  a  single  family. 
General  Portlock  has  suggested  that  these  bodies  may  constitute  '■  several 
genera  belonging  even  to  more  than  one  order."  *  That  they  are  true 
Polypi,  I  believe  wc  shall  be  able  to  show,  both  from  analogies  already 
established  l)y  various  authors,  and  also  from  their  mode  of  development 
or  reproduction  as  exhibited  in  some  of  the  species. 

The  specimens  which  have  usually  been  observed  or  represented  are 
simple  disconnected  stipes,  doubtless  the  dismembered  or  fragmentary 
portions  of  fronds,  which,  presenting  in  the  different  species  great  varieties 
of  form  and  aspect  when  entire,  arc  nevertheless  composed  of  parts  so 
similar  that  these  fragments,  though  indicating  specific  diflferences,  offer 
little  clue  to  a  knowledge  of  the  entire  form. 

The  name  Graptolithm  was  established  by  Linnaeus  in  the  first  edition 
of  his  '•  Systema  Naturce,"  1730,  and  applied  by  him  lo  the  straight  or 
curved  forms  which  are  serrated  (ccUuliferous)  upon  one  side  only,  of 
which  G.  Sagittarius  has  been  regarded  as  the  type.j  The  propriety  of 
this  term  is  more  readily  perceived  in  its  application  to  the  fragments  of 
the  stipes  of  monoprionidian  forms  than  to  the  central  portions  of  the 
body  of  the  same.  In  the  spirally-enrolled  forms,  or  those  with  four  or 
more  stipes  uniting  in  a  central  disc,  as  well  as  in  the  variously-branching 
forms,  the  analogy  is  not  so  perceptible. 

Taking  those  species  which,  in  the  form  of  their  cellules  and  in  the 
separated  fragments  of  the  frond,  would  be  referred  to  GraptoUtes  proper, 
and  tracing  them,  as  we  are  now  able  to  do  in  many  species,  to  their 
perfect  condition,  we  find  a  great  variety  of  form  and  motie  of  growth. 
In  the  simplest  of  these  we  have  two  stipes  diverging  from  a  radicle,  or 
initial  point ;  and  the  parts  remain  so  complete  as  to  admit  of  no  doubt 

Fig.  1. 

GkAPTOLITUIS   PEXNATILV8. 

that  this  is  the  entire  skeleton  of  the  animal.  The  cellules  near  the  base 
of  the  stipe  are  not  so  fully  developed  ;  while  also  those  near  the  extremi- 
ties have  not  reached  their  full  dimensions,  and  the  last  one  is  sometimes 
barely  perceptible,  or  just  assuming  its  form  from  the  common  body.  These 
characteristics  are  perceptible  in  the  figures  upon  plates  i,  ii,  and  iii. 

In  the  next  stage  we  have  four  simple  stipes  diverging  from  an  initial 
point,  and  all  evidently  entire,  as  shown  in  the  development  of  the  cellules. 


•  Geological  Report  on  Londonderry,  Ac,  p.  318, 

t  I  shall  elsewhere  endeavor  to  show  that  G.  scalaris  is  a  diprionidian  form  exhibit- 
ing only  one  margin. 
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Fig.  2. 


OBAFTOLITHUa  BBTONOlDEfl. 


In  some  species  of  this  mode  of  growth,  the  bases  of  the  stipes  are 
united  in  a  more  or  less  expanded  disc  or  cup  of  the  same  substance  as  the 
body  of  the  graptolite.  The  form  of  this  disc  is  shown  on  plates  v,  vi, 
vii,  viii,  and  ix,  and  also  in  the  accompanying  figure  of  Qraptoliihus  Headi. 


GbAPTOLITHUS  OCTOBRACniATUS. 

In  a  farther  development  in  the  same  direction,  wo  have  fronds  with 
eight  simple  stipes,  which  may  or  may  not  be  united  in  a  central  disc,  as 
in  the  accompanying  figure. 


GEAPTOLITBS. 
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In  Graptoliihus  Logani  we  have  numerous  simple  stipes  united  in  a 
central  disc  or  cup  ;  while  in  some  specimens  otherwise  precisely  similar, 
we  have  no  remains  of  the  disc.  In  all  these  species  the  parts  are  disposed 
in  a  symmetrical  and  bilateral  arrangement. 

Figa.  5  and  6. 
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GRAPTOUTHrS  LOOAXI. 

The  stipes  of  this  species  do  not  bifurcate  beyond  the  disc,  and  there 
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are  no  cellules  below  the  last  bifurcation.  The  number  of  stipes  in  different 
individuals  varies  from  sixteen  to  twenty-five,  so  that  this  character  cannot 
be  made  of  specific  importance.  In  another  similar  species  without  a  central 
disc,  from  the  Hudson  River  formation,  we  have  above  forty  stipes,  which  do 
not  bifurcate,  so  far  as  known,  beyond  the  commencement  of  the  cellules. 

Pig.  7. 


Graptolithus  multifasciatus. 

The  separated  and  broken  stipes  referred  by  me  to  Graptolithus  Sagit- 
tarius *  are  probably  of  this  species,  occurring  as  they  do  in  great  numbers 
in  the  same  beds  in  which  this  was  found. 

In  other  species  with  a  similar  general  arrangement  of  parts,  the  main 
stipes  are  frequently  bifurcated ;  the  bifurcations  beginning  near  the  base, 
and  continuing  as  far  as  the  parts  can  be  traced  in  the  stone  (fig.  8). 
In  some  of  the  species  of  this  character  the  cellules  begin  near  the  base 
of  the  stipes,  while  in  one  species  they  are  not  known  to  exist  except 
on  the  outer  branchlets. 

Thus  far  we  trace  these  forms  through  what  appear  to  be  very  natural 
stages  in  the  progress  of  development  of  the  parts,  which  are  all  constructed 
upon  the  same  plan,  presenting  only  natural,  and  we  may  almost  say  con- 
sequent modifications. 

The  character  of  stipes  ant^  cellules  in  all  these  is  such  that  the  sepa- 
rated fragments  would  afford  no  means  of  indicating  whether  the  part 
belonged  to  a  two,  four,  or  eight-stiped  species,  or  to  those  with  numerous 
simple  stipes,  or  with  branching  stipes,  unless  the  fragment  retained  a 
bifurcation. 

A  variety  of  form  is  exhibited  in  the  division  termed  Dendrograptus, 
m  which  we  may  conceive  of  the  numerous  stipes  near  the  base  becoming 


•  Paltcontology  of  New  York,  vol.  I,  page  272,  pi.  74,  fig.  1. 


Graptouthus  flexilis  : 
Trith  a  portion  enlarged. 

conjoined  into  one  strong  stem,  Avith  the  bifurcating  branchlets  spreading 
above,  and  this  stem  probably  fixed  in  the  soil.  We  then  have  a  represen- 
tation of  the  typical  forms  of  this  genus,  as  in  the  accompanying  figure, 
and  as  illustrated  on  plate  xvii,  figs.  8  and  9,  of  this  memoir. 

Fig.  9. 


DENDUoouAPTrs  HAt.i.iAxra. 
In  this  species,  as  shown  in  the  enlargements  of  the  branchlets,  wc  have 
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a  form  of  cellule  similar  to  that  in  observed  fragments  of  the  ordinary 
species  of  graptolites.  The  cellules  are  very  minute,  and,  from  the 
frequent  ramifications,  this  would  probably  always  be  recognized  as  a 
branching  species. 

Some  of  the  forms  of  Dendrograptm  have  slender  spreading  branches, 
and  less  rigid  stems  than  the  typical  species,  but  still  retain  the  angular 
cellules,  as  in  figs.  1  and  2  of  plate  xvii.  From  these  we  pass  almost 
imperceptibly  to  the  slender  spreading  forms  which  I  have  termed  Callo- 
graptus,  plate  xix,  in  which  there  is,  apparently,  some  slight  modification 
in  the  form  of  the  cellule  ;  and  on  the  other  hand,  there  is  an  almost  insen- 
sible gradation  to  the  Dictyonema,  plate  xx,  in  which  the  branches  are 
connected  by  lateral  bars,  and  the  whole  developed  in  a  flabelliform  or 
fuunel-shaped  frond,  with  angular  cellules  on  the  inner  margins  of  the 
branches.  (Fig.  10,  plate  A.) 


Fig.  10. 
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There  are  certain  forms  of  graptolites,  which,  though  possessing  linear 
straight  or  slightly  curving  stipes  and  angular  cellules,  like  the  typical 
species,  have  yet  a  different  aspect,  and  do  not  so  naturally  fall  into  the 
series.  Among  these  we  find  Q-raptoUihus  diverges  (fig,  11),  where  the 
bilateral  relation  of  the  parts  is  still  shown,  but  the  cellulifcrous  stipes  or 
branches  are  arranged  on  the  two  sides  of  a  slender  stipe  or  rachis,  and 
diverge  on  each  side  from  what  appears  to  be  the  centre  or  initial  point. 

Different  specimens  show  some  slight  variations  of  these  characters,  but 
not  any  essential  differences. 


GEAPTOLITES. 
Fig.  11. 
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Oraftolithcs  diverqeks. 

Another  form,  which  we  know  only  in  small  individuals,  is  illustrated  in 
the  following  figures,  which  remind  one  of  some  forms  of  the  recent  genus 

Crisia. 

Fig.  12.  Fig.  13.  Fig.  14.  Fig.  15. 


(Tliese  figures  are  enlarged  to  twice  their  natural  size.) 

In  another  form  with  similar  angular  cellules,  we  have  the  following  illus- 
trations of  the  mode  of  occurrence  of  the  species. 
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Fig.  17. 


Fig.  18. 


Graptolithus  gracilis.' 
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We  have  still  another  group,  presenting  some  differences,  more  particu- 
larly in  the  development  and  form  of  cellules,  than  in  their  general  form  ; 
and  seeming  in  some  species  to  unite  the  characters  of  those  having  a 
single  range,  with  those  having  a  double  range  of  cellules.  The  simpler 
forms  of  this  type  are  similar  to  the  two-stiped  forms  of  the  first  series ; 
but  in  all  those,  whether  of  two,  four,  or  more  stipes,  the  cellules  are 
developed  on  the  upper  side,  or  that  side  opposite  to  the  initial  point.  In 
species  like  G:  sextant,  G.  divaricatm,  and  others  of  this  type,  the 
cellules  are  on  the  lower,  or  same  side  with  the  radicle. 

Fig.  19. 


GRAPTOi.iTnrs  divauicatus  : 
and  enlargement  of  cellules. 

In  the  accompanying  figure  of  G.  dioarioatua,  the  frond  consists  of  two 
simple  unisorrate  stipes  ;  and  the  same  is  true  of  G.  sextans,  except  that 


*  The  fig.  18  was  theoretically  constructed,  but  has  since  been  verified  by  tlio  discovery 
of  a  specimen  having  the  same  form  and  arrangement  of  parts. 
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it  is  united  at  the  base  for  the  length  of  a  single  cellule.  In  Q-.furcatut 
the  stipes  are  conjoined  for  a  distance  of  two  or  tliree  cellules  above 
the  base. 

In  Q^.  ramo8U8y  as  shown  in  the  following  figure,  the  lower  part  of  the 
stipe,  for  a  considerable  distance,  has  a  range  of  cellules  on  each  side, 
parallel  with  the  axis ;  and  becoming  bifurcate  above,  it  presents  two  stipes 
or  branches,  each  with  a  single  range  of  cellules.  All  the  species  of 
this  group  have  a  peculiarity  in  the  form  of  the  cellules,  which  will  be 
noticed  hereafter. 

Fig.  20. 


Graptolithus  KAMOSrS. 

These  species,  in  their  mode  of  growth  alone,  present  forms  which 
might  be  regarded  as  intermediate  between  the  monoprionidian  and 
diprionidian  groups ;  though  the  typical  forms,  G.  pristis  and  allied 
species,  never  show  any  tendency  to  a  division  of  the  parts  of  the  stipe  ; 
and  we  shall  observe,  as  we  progress,  that  these  forms  are  connected  with 
other  differences  of  structure. 

Fig.  21. 
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Gkaptomthcs  puistis. 
The  species  of  this  type  (^Dlprion  or  Diplograptus)  arc  simple  linear  or 
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sub-linear  stipes,  bearing  a  range  of  cellules  on  each  side,  often  showing 
an  initial  point  or  radicle  at  the  base,  and  an  extension  of  the  slender  axis 
above  and  beyond  the  celluliferous  portion. 

From  these  forms  with  a  double  series  of  cellules,  we  pass  to  the  broad 
foliiform  stipes,  which  are  apparently  composed  of  four  semi-elliptical 
parts  conjoined  along  their  straight  sides,  and  thus  present  four  ranges  of 
cellules.  These  forms  (^Pkylbgraptm)  are,  in  some  species,  broad  and 
short,  while  others  are  elongate,  with  sub-parallel  sides,  as  shown  in  the 
accompanying  figures. 

[See  also  plates  xv  and  xvi.] 


Fig.  22. 


Fig.  23. 


PhYLLOORAPTUS  AVOlSTIFOLirS. 

(See  illustrations  under  generic  descrip- 
tion, and  plates  xv  and  xvi.) 


Phyllooraptcs  typus  : 

a  group  of  separated  stipes  as  ttiey  lie  upon 
the  surface  of  the  shale. 
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From  the  occurrence  of  a  large  number  of  these  leaf-like  stipes,  some- 
times crovrded  together  in  a  small  space,  I  have  inferred  that  they  may 
have  grown  as  Jletiograptus.  (Plate  xiv,  fig.  9.) 

Following  the  forms  with  a  double  series  of  cellules,  are  those  of  similar 
general  form,  the  JRetiolites,  which  are  known  only  as  simple  stipes. 
(Plate  xiv,  figs.  1-5.) 

In  the  Retiograptus  we  have  simple  elongate  stipes  ;  and  in  one  form 
(plate  xiv,  fig.  9)  we  have  the  stipes  united  by  slender  basal  extensions 
in  a  spreading  frond,  in  a  manner  not  unlike  some  of  the  graptoUtes 
proper,  with  the  parts  in  bilateral  arrangement. 

In  the  genus  JRastriUs  of  Barrande  we  find  a  departure  from  all  of 
the  preceding  forms  m  the  slender  stipes  with  delicate  slender  tubular 
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cellules.*  The  speciea  of  this  genus,  so  far  as  known,  have  the  cellules 
developed  on  one  side  only  of  the  stipes  or  branches  ;  though  there  seems 
no  reason  why  we  should  not  have  species  with  cellules  upon  the  two 
sides  of  the  axis. 

The  species  for  which  I  have  proposed  the  name  Thaimograptm  con- 
sist of  slender  cylindrical  stipes  and  branches,  some  of  them  very  similar 
in  general  aspect  to  Eastrites,  but  the  alternating  branches  are  long  and 
slender,  and  we  have  found  no  appearance  of  cellules  on  any  part  of  the 
specimens  known. 

In  the  accompanying  illustration  the  branchlets  are  given  off  alternately 
on  the  opposite  sides  of  a  stipe  or  rachis,  and  the  slender  solid  axis  can 
be  traced  from  the  main  stipe  into  and  along  the  centre  of  the  branchlets. 
The  analogy  between  these  forms  and  the  celluliferous  graptolites  of  the 
preceding  illustrations  does  not  appear  to  be  very  intimate,  but  they 
occur  in  the  same  beds,  and  the  fossil  has  the  same  texture  and  substance. 


^\Mi 


Fig.  24. 


Thamngokaptis  typus. 

In  the  genus  Ptilograptut  (plate  xxi)  we  have  a  somewhat  analogous 
mode  of  growth,  but  there  is  always  an  aspect  or  expression  of  the  fossil 
wliich  distinguishes  it  from  Thamnograptu$.  In  one  species  of  Ptilo- 
graptus  moreover,  cell-apertures  have  been  detected  on  one  side  of  the 
branches  or  pinnulae. 

In  the  Buthograptus  we  have  a  form  bearing  some  analo^es  with  the 


*  See  illustration  of  Rattritts  Barrandi  under  section  iii,  p.  26,  of  tbii  introduction. 
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preceding,  but  the  rachis  is  flexible,  and  is  not  known  to  be  branched, 
while  thf  lender  alternating  pinnulre  are  flat  and  simple,  as  they  have 
been  o1  ved  in  numerous  individuals.  The  specimen  represented  is  even 
less  curved  than  the  usual  condition  of  this  species  in  the  slaty  Trenton 
limestone  of  Wisconsin. 

Flff.  25. 


BrTHOonAPTrs  laxub: 
enlarged. 

Still  'more  obscure,  and  perhaps  remote  in  its  analogies  with  graptolites, 
is  the  genus  InoeauUa,  consisting  of  flattened  scabrous  stems,  associated 
with  Liotyonema  in  the  shale  of  the  Niagara  formation,  which,  from  their 
carbonaceous  substance  and  apparent  graptolitic  texture,  I  have  referred 
to  the  Graptolitidte. 

Fig.  26. 


IXOGAULIS  PLVSirLOSA. 
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§  II.— THE  CENTRAL  OR  BASAL  PORTIONS  OF  THE  URAPTOLITE. 

1.  Tho  radicle,  or  initial  point. 

2.  The  funicle,  or  non-celluliferou8  connecting  portions  of  the  stipe. 
8.  The  central  disc. 

'  1.  The  Radicle^  or  Initial  Point. — In  the  most  simple  forms,  or  those 
with  two  stipes,  as  shown  in  all  the  figures  on  plate  i,  there  is  a  slender 
initial  process,  which  I  have  termed  the  radicle.  This  presents  a  greater 
or  less  development  in  the  different  species  ;  in  some  being  reduced  to  a 
mere  pustule,  or  scarcely  perceptible  point,  while  in  others  it  attains 
a  quarter  of  an  inch  or  more  in  length.  Although  in  none  of  the  species 
with  a  single  range  of  cellules  does  this  part  show  absolute  evidence  of 
having  been  attached  to  any  other  substance  at  the  maturity  of  the  fronds, 
yet  it  is  possible  that  in  the  earlier  period  of  its  growth,  tho  body  may 
have  been  temporarily  attached  at  this  point  to  the  sea-bottom  or  to  some 
object ;  though  all  the  evidence  is  opposed  to  this  view. 

In  some  of  the  bi-celluliferous  forms,  and  probably  in  all  of  them,  there 
is  a  somewhat  similar  extension  below  the  base  of  the  cellulifcrous  portion 
of  the  stipe,  though  it  is  usually  more  slender ;  but  whether  this  is  always 
the  true  initial  point  of  the  whole  body,  or  whether  it  is  only  the  broken 
point  of  attachment  to  a  frond,  may  sometimes  admit  of  doubt.  It  is  con- 
spicuous in  Phyllograptus  typus ;  and  we  observe  this  feature  also  in 
Betiograptus  ;  but  in  one  species  of  this  we  learn  that  it  is  only  a  broken 
process  of  attachment  of  the  individual  stipe,  which  existed  as  one  of  the 
members  of  the  entire  frond,  the  true  initial  point  of  which  would  be  in  the 
centre  of  the  whole.  (PI.  xiv,  fig.  9.) 

In  all  the  forms  of  Graptolitidae  which  appear  to  have  been  free,  the 
initial  point  or  radicle  is  in  fact  the  commencement  of  the  solid  axia^ 
which  will  be  noticed  farther  on.  In  those  graptolites  with  two  simple 
stipes,  the  little  radicle-like  process  enlarges  above,  and  the  stipes, 
diverging  in  opposite  directions,  are  closely  united  at  their  bases,  and  the 
cellules  begin  almost  in  the  axil  between  the  two.  (Plate  i,  figs.  1,  3,  7, 
9,  and  10.) 

2.  The  Funicle. — In  the  graptolites  with  four  stipes,  the  condition 
appears  like  that  of  two  individuals  of  the  two-stiped  forms,  conjoined  by 
a  straight  connecting  process  of  greater  or  less  extent,  with  the  radicle 
point  in  the  centre,  though  often  obscurely  marked.  This  connecting 
process  is  always  destitute  of  cellules  ;  and  this,  with  its  divisions,  I  have 
termed  the  funicle. 

In  those  forms  with  eight  stipes  the  funicle  is  twice  divided  at  its  two 
extremities ;  and  where  there  is  a  greater  number  of  smiple  stipes,  it  is 
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correspondingly  subdivided.  Neither  the  central  portion,  nor  ony  of  its 
subdivisions,  becomes  colluliferous ;  and  these  parts  are  not  termed  stipes 
or  branches,  according  to  the  views  I  have  entertained.  It  is  only  beyond 
the  last  subdivisions  of  this  part  of  the  body,  as  in  G.  Logani,  that  the 
celluliferous  parts,  or  the  true  stipes,  commence. 

In  one  of  the  proper  branching  forms,  however,  the  cellules  begin 
immediately  beyond  the  first  subdivisions  of  the  funicle,  as  in  the  four- 
stiped  species.  (Fig.  27.) 

Fig.  27. 


Graptoutbus  Milesi. 

These  barren,  or  non-celluliferous  portions  of  the  graptolitic  body,  are 
not  otherwise  essentially  different  from  other  parts  of  the  stipe.  In  the 
absence  of  cellules  they  are  consequently  more  cylindrical,  and  apparently 
more  solid,  as  if  the  test  were  thicker,  and  the  common  canal  less  developed 
than  in  the  other  parts  of  its  extent. 

3.  27m;  Central  Disc. — In  several  of  the  species  having  four  simple 
stipes,  in  one  species  with  eight,  and  in  another  with  a  larger  number  of 
simple  stipes  y  oceeding  from  a  common  centre,  we  find  their  bases 
united  by  a  thickened  corneous  expansion  of  the  same  substance  as  the 
body  of  the  graptolite.  This  appears  to  be  composed  of  two  lamit^o, 
which,  at  least  in  the  central  portions,  are  not  conjoined,  and  the  spaC't-  is 
probably  occupied  by  some  softer  portion  of  the  animal  body.  (Plates  \-: .  ^ 

The  substance  of  the  disc  sometimes  extends  along  the  margins  of  the 
8tii)e8,  producin  •  an  elation,  as  in  G.  alatua.  (PI.  vi,  fig.  9.) 

This  arrangement  ct  the  parts  of  the  body  seems  obviously  adapted  to 
give  strength  and  suppoi-<  to  the  bases  of  the  stipes  ;  but  beyond  this  it 
probably  serves  other  [xuposc;  of  the  animal  economy.  In  several 
specimens  of  0-.  bicorvi.^  the  "  id  u  disc  or  bulb  at  the  base  of  the  stipe, 
which,  spreading  between  ti.-^  cwo  oblique  curving  processes,  envelopes,  in 
the  compressed  conditLyii  of  me  specimens,  some  of  the  celluliferous  part 
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ofthestipt'  its  base.  In  other  spccli)<>na  we  have  n  creaccnt-aimpccl 
extension,  as  if  the  disc  wore  in  process  of  i((  olopraent,  w  perhapa  of 
ab3ori)tion.  Much  the  larger  proportion  of  the  speoim'ns  of  thi'  species, 
however,  are  destitute  of  disc  or  bulb,  ami  have  every  appearance  of 
being  coinpletc  without  this  appendage. 

Thc(sc  aspects  of  the  species  are  shown  on  plate  A,  figs.  13, 15, 10, 
and  17. 

How  fur  the  bulb-like  appearance  at  the  base  of  some  of  the  .  ■  eiea  of 
Dendro<irai*'LK  Tt.iy  correspond  to  the  disc  of  G.  hicortns^  I  ha\  not  at 
tliis  tunc    1 .3  i„.'aii    '♦' satisfactory  determination. 
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§   III — THE   NATURE   AND   PARTS   OF   THE   STIPE   PROPER. 

1.  The  solid  axis. 

2.  The  common  canal. 

3.  The  calycles  or  cellules. 

4.  Nature  and  ornaments  of  the  test. 

1.  Tlie  Solid*  Axis. — All  the  graptolites  proper  have  been  found  to  be 
provided  with  a  slender  solid  axis,*  while  this  feature  has  not  been  satis- 
factorily proved  in  regard  to  Dicfi/onema,  and  to  some  other  forms. 

In  those  species  having  a  single  series  of  cellules,  this  axis  is  upon  the 
back  of  the  stipe,  or  on  the  side  opposite  to  the  celluliferous  margin  ;  and 
in  the  branching  forms  it  follows  all  the  ramifications.  In  all  the  speci- 
mens Avhere  it  has  been  observed,  it  is  a  slender  cylindrical  or  flattened 
filiform  solid  body.  In  some  extremely  compressed  specimens,  this  axis 
appears  as  a  slender  elevated  ridge  along  the  back  of  the  stipe ;  and 
where  the  substance  of  the  body  has  been  removed,  it  leaves  a  narrow 
groove  along  the  margin  of  the  impression. 

In  the  examination  of  larjre  numbers  of  specimens  of  the  monoprionidian 
species,  we  have  never  found  the  axis  prolonged  beyond,  or  denuded  of, 
the  cellule.". ,  as  shown  in  (?.  colonii8,  by  Barrande,  in  his  Graptolites  of 
.^acmia.  (Plate  ii,  fig.  ;">,  of  that  memoir.) 

In  all  the  specimens  where  the  extremities  of  the  stipes  are  entire,  as 
represented  in  plates  i,  ii,  and  iii  of  this  memoir,  there  is  never  any 
extension  of  the  axic  boyond  the  last  partially  developed  cellule ;  and 
the  number  of  specimens  in  this  condition  is  considerable. 

ith  two  aeries  of  cellules,  the  solid  axis 
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•  In  those  species  with  «  single  serie*  of  collulfi,  M.  Barrande  has  ascertained  that 
this  axis  is  solid  and  cylindrical,  its  diaiuutvr  not  exceeding  i  millimetre,  and  its  struc- 
ture apparently  fibrous.  (draptoliUt  dc  Boh^mr,  page  4.) 
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frequently  seen  extending?  beyond  the  ccUuliferous  portion  of  the  stipe  at 
its  outer  extremity  ;  while  the  radicle  appears  like  the  continuation  of  the 
same  below  the  base.  The  axis  thus  appears  to  be  the  foundation  on  which 
the  other  parts  are  erected.  In  those  specimens,  however,  which  present 
so  great  an  extension  of  the  solid  axis  beyond  the  stipe,  the  cellules  may 
have  been  removed  by  subse(|uent  causes. 

I  am  able  to  corroborate  to  some  extent  the  observations  of  M.  Barrande 
in  regard  to  the  apparent  double  character  of  this  axis.  In  some  ex- 
tremely compressed  spccimc  •  it  is  marked  by  a  longitudinal  groove  or 
line  oi  divi  '  n  ;*  while  in  o.  ers,  a  double  impression  has  been  left  by 
the  removal  of  the  substance. 

In  some  specimens,  particularly  the  younger  ones,  the  solid  axis  has 
been  seen  extending  beyond  the  base  of  the  stipe,  as  a  d\iplicatc  process, 
exhibiting  a  character  as  of  a  double  radicle.  In  some  solid  specimens  of 
one  species,  where  the  tube  had  been  filled  with  calcareous  mud,  I  am 
able  to  detect  only  a  single  round  point ;  and  a  longitudinal  section  of  the 
same  species  presents  a  slender  filiform  axis.  It  may  be,  however,  that 
the  parts  ai'e  so  minute  and  so  closely  united,  as  to  render  them  undis- 
tinguishable. 

In  another  species,  with  two  rows  of  cellules,  and  in  which  the  latter 
are  of  very  different  form  from  the  preceding,  the  solid  axis  is  a  thin  flat 
apparently  double  plate,  extending  across  the  entire  transverse  diameter 
of  the  tube,  which  is  more  than  two-thirds  as  great  as  its  longer  diameter. 
The  place  of  the  axis  is  marked  by  a  longitudinal  groove  on  each  side, 
not  in  a  direct  line,  but  slightly  undulating  to  correspond  with  the  cellules. 
M.  Barrande  conceives  that  the  joining  of  the  two  plates  of  this  axis  may 
leave  a  very  flat  intermediate  tube  ;  and  in  our  specimen,  there  is  appa- 
rently an  extremely  narrow  space  l)ctween  the  two.  He  farther  supposes 
that  each  of  these  plates,  composing  the  double  axis,  is  sej)arfil)le,  by 
decomposition,  into  two  lamina;,  as  illustrated  in  plate  iii,  fig.  3,  of  the 
work  already  cited. 

The  entire  apj)earance  of  the  species  (plate  A,  fig.  10")  is  that  of 
two  monoprionidian  stipes  joined  together  at  the  back,  the  line  of  junction 
being  indicated  by  the  groove. 

In  one  species  of  ]letioUtc»  there  is  a  strong  excentric  or  sub-exterior 
axis,  which  is  ncarlv  direct ;  and  in  the  same  individual  there  is  another 
undulating  axis,  to  which  the  cell-divisions  of  one  side  are  attached.  In 
the  liothlitfx.  of  the  (^lebec  group,  one  side  of  the  stipe  shows  a  very 
distinct  axis,  while  upon  the  other  side  it  is  very  obscure. 

In  Itctloijraptus  we  have  a  very  distinct  central  axis  projecting  below 
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*  Tlio  nsppct  prpsented  by  the  axi?,  wlien  mnrkod  by  a  longitudinal  rri-oovp,  is  pre- 
cisely liuil  whiili  11  lioliow  cylindrical  body  would  have  if  extremely  compressed. 
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the  celluliferons  portion  of  the  stipe,  and,  in  one  species,  uniting  in  a 
funicle,  and  forming  part  of  a  compound  form.  In  another  species,  the 
simple  stipes  present  similar  features,  showing  at  one  extremity  the 
duplicate  character  of  the  axis. 

In  Phyllograptua,  the  central  axis  is  apparently  composed  of  four 
slender  flat  laminae  ;  but  we  have  had  no  means  of  examining  this  part 
of  the  body  in  a  satisfactory  manner. 

2.  The  Common  Canal. — In  all  graptolites  with  a  single  series  of 
cellules,  there  \? ,  between  the  bases  of  these  cellules  proper  and  the  solid 
axis  on  the  back  of  the  stipe,  a  continuous  sub-cylindrical  space  or  canal, 
which  has  been  occupied  by  the  body  of  the  polyp,  from  which  the  buds, 
with  their  calycles  forming  the  cellules,  take  their  origin,  and  arc  thrown  oflF 
at  regular  intervals. 

All  the  specimens  Avhich  I  have  examined  confirm  this  view ;  and  in 
some  of  the  species  where  the  extremities  are  apparently  entire,  we  observe 
the  incipient  development  of  the  young  cell  from  the  common  body.  In 
those  specimens  filled  or  partially  filled  with  the  substance  of  the  surround- 
ing rock,  this  canal  is  easily  distinguished  ;  while  in  compressed  specimens 
there  is  always  a  flattened  space  between  the  bases  of  the  cell-partitions 
and  the  solid  axis. 

In  those  graptolites  with  two  ranges  of  cellules,  we  have  apparently  a 
duplication  of  those  with  the  single  scries,  the  two  solid  axes  being  joined 
together,  leaving  a  common  canal  or  body  on  each  side  at  the  base  of 
each  scries  of  cellules.  If  however  the  common  body  were  thus  divided, 
it  would  1)0  by  the  solid  axis  becoming  a  fltxttened  plate.  This  appears  to 
be  true  of  some  species  (as  for  example,  plate  A,  fig.  10),  while  in  others 
there  is  only  a  simple  filiform  axis  vi.sible.  In  this  case,  of  course,  there 
is  not  an  entire  division  in  the  common  canal  after  .the  manner  of  the 
other  species.  This  will  appear  farther  on,  under  the  illustrations  of  the 
structure  of  these  bodies. 

In  Retiolites,  the  common  body  occupies  the  central  portion  of  the  stipe, 
giving  origin  to  a  series  of  buds  on  each  side,  while  it  is  not  divided  Ijy  a 
central  axis. 

In  some  species  the  common  body  seems  likewise  to  have  more  extensive 
functions  ;  for  in  such  forms  as  Q-.  diverficns  and  G.  (/raciliis,  there  is  a 
long  slender  rachis,  or  tubular  body,  destitute  of  cellules  except  at  its  two 
extremities,  and  apparently  consisting  of  a  solid  axis  and  a  common  canal, 
from  which  -  .'iginate,  at  regular  intervals,  simple  small  stipes  with  solid 
axis,  common  canal,  and  cellules. 

This  appears  to  be  one  step  fivrther  in  our  knowledge  of  the  origin  or 
mode  of  development ;  but  it  shows  that  a  stijie  or  main  axio  may  produce 
in  one  part  celluliferons  stijies,  and  in  its  extremities  develop  only  cellules, 
as  we  see   in  the   continuation   of  the  main   axis  of  0-.   </)-<tvitis   and 
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G.  divergena,  where  the  continuation  of  this  common  rachis  is  marked  by 
marginal  cellules  of  the  same  character  as  those  of  the  lateral  stipes. 

The  common  body  therefore  appears  to  perform  the  double  function  of 
developing  the  buds  which  elongate  into  stipes  with  cellules,  and  also  of 
simple  cellules  ;  or  we  may  consider  the  celluliferous  extremity  of  the 
rachis,  or  main  axis,  as  the  termination  of  the  reproductive  process,  or 
as  analogous  to  one  of  the  lateral  celluliferous  stipes.  In  the  Scrtula- 
rians  we  have  something  analogous  to  this  mode  of  development.  Some 
of  the  species  have  cellules  along  the  common  or  main  trunk,  and  produce 
at  intervals  branches  or  branchlets  in  place  of  cellules ;  others  have  a 
common  body,  or  main  stem,  entirely  destitute  of  cellules,  but  producing 
branches  on  each  side  (opposite  or  alternate,  as  the  case  may  be),  which 
branches  produce  cellules  only. 

So  long  as  this  rachis  gives  off  only  celluliferous  stipes,  it  is  analogous 
to  those  parts  of  the  simple  graptolites  which  I  have  termed  the  funicle, 
having  Avithin  itself  the  sources  of  this  development  of  the  several  parts. 
The  mode  of  development  differs  from  that  of  the  branching  forms,  inas- 
much as  the  branches  proper  arise  from  a  division  of  a  cell-bearing  stipe 
or  branch,  and  of  course  a  division  of  the  solid  axis  and  common  body. 

In  Itetioip'aptus,  some  specimens  show  the  cell-divisions  reaclung  nearly 
to  the  axis,  leaving  room  on  each  side  for  a  narrow  common  body  or  canal ; 
while  in  a  species  from  the  Utica  slate,  which  presents  one  side  of  an 
entire  frond,  the  cell-divisions  of  the  exterior  side  all  reach  to  the  axis, 
leaving  the  common  body  on  the  inner  or  upper  side.  In  a  species  from 
Norman's  Kill,  near  Albany,  there  are  three  parallel  ranges  of  reticu- 
lations, with  apparently  two  filiform  solid  axes,  forming  the  divisions 
between  the  three  meshes.  This  structure  probably  occupies  one  side  of 
the  stipe,  while  the  common  body  may  occupy  the  other  side. 

In  Phi/Uograptiis,  the  cell-partitions  reach  very  far  towards  the  centre, 
and  the  space  left  for  the  common  canal  is  very  small.  We  infer  from 
the  better-preserved  specimens  that  there  is  a  slender  common  canal  at  the 
base  of  each  range  of  cellules.  These  several  canals  may  or  may  not 
communicate  with  each  other. 

3.  The  Calydcs  or  Cellules  :  their  form  and  mode  of  development. — 
Since  a  large  proportion  of  the  specimens  of  graptolites  which  come  under 
our  observation  for  the  purposes  of  study  or  otherwise,  are  fragmentary, 
it  becomes  of  much  importance  to  know  the  general  characters  of  form  and 
mode  of  development  of  the  cellules. 

In  the  preceding  section  it  has  been  shown  that  the  cellules,  or  the 
inhabitants  of  these  cellules,  are  not  independent,  but  all  have  their  origin 
in  a  common  body,  which  fills  the  longitudinal  canal,  and  that  they  remain 
in  constant  connection  with  the  same  throughout  their  existence. 

The  calycle  or  cellule  is  formed  by  budding  from  one  side  of  the  com- 
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mon  body,  not  unlike  many  of  the  Sortularians,  except  that  the  celKiles 
are  generally  close  together  at  their  origin.*  They  are  usually  more  or 
less  oblique  to  the  direction  of  the  axis,  as  is  clearly  indicated  by  the  cell- 
partitions  ;  and  the  degree  of  obli(iuity  often  indicates  specific  distinction. 
The  cellules  are  for  the  most  part  contiguous  at  their  origin,  and  they 
sometimes  remain  in  contact  throughout  their  entire  length  ;  but  in  the 
greater  number  of  species  there  is  a  small  portion  of  each  one  free  on  one 
side  towards  the  aperture.  This  character  is  shown  in  numerous  examples. 
(Plates  i,  ii,  and  iii.) 

In  some  forms  the  cellules  are  contiguous  in  their  lower  portions,  while 
the  entire  upper  or  outer  part  becomes  free,  as  seen  in  G.  Clintonmsis 
(plate  B,  figs.  1,  2,  and  3)  ;  while  in  one  of  the  bi-celluliferous  species 
from  Iowa,  the  cellules  are  distant  from  each  other  at  their  origin,  and  the 
upper  extremity  of  one  scarcely  reaches  to  the  base  of  the  next  in  advance 
(plate  A,  fig.  10)  ;  and  they  are  therefore  not  properly  in  contact  in  any 
part  of  their  length.  The  same  is  more  emphatically  true  of  Hastrites, 
(fig.  27),  where  there  is  a  large  interval  between  the  bases  of  the  cellules, 
which  are  often  nearly  rectangular  to  the  axis. 

Although  we  regard  the  cellule  as  limited  by  the  cell-partitions,  yet  in 
well-preserved  specimens  there  is  sometimes  a  swelling  of  the  test  of  the 
common  body  below  the  cellule,  indicating  an  enlargement  of  the  parts  at 
the  bases  of  the  buds.  In  one  species  there  is  an  evident  undulation  of  the 
axis,  corresponding  to  this  enlargement  of  the  parts  in  the  common  body. 
(Figs.  10  and  11,  plate  A.) 


•  The  mode  of  budding  and  the  form  and  arrangement  of  the  cellules  in  the  Sertula- 
rians  are  shown  in  the  accompanying  figures  of  two  species  of  Sertularia  (figs.  1  and  2) 
from  GUI  own  coast.     Fig.  3,  with  a  range  of  cellules  on  one  side  only,  is  a  Plumularia. 
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Rastrites  Babbandi: 
natural  size,  with  a  portion  enlarged.    The  cellules  consist  of  long  slender  tubes. 

In  the  diprionidian  species,  the  cellules  on  the  tAvo  sides  of  the  stipe 
are  alternating,  so  that  the  bases  or  the  apertures  are  opposite  the  space 
between  two  others.  This  is  more  especially  shown  in  the  enlarged  figures 
10  and  12,  plate  A. 

In  much  the  larger  proportion  of  species,  the  body  of  the  graptolite  and 
the  cellules  arc  so  extremely  compressed,  that  they  appear  only  as  scrra- 
tures  along  the  margin,  Avith  distinct  impressed  lines  marking  the  cell- 
divisions.  The  exterior  margin  of  these  serratures  indicates  in  an  approx- 
imate degree  the  outline  of  the  aperture  ;  and  the  frequently  occurrij^g 
mucronate  extension  at  the  extremity  of  the  cellule  is  produced  by  the 
continuation  of  the  cell-partition,  or  sometimes  by  an  outgrowth  from  the 
margin  of  the  stipe  above  or  below  the  aperture. 

Were  the  cellules  isolated,  their  prevailing  form  would  be  that  of  an 
elliptical  tube  or  sac,  the  length  of  which  is  greater  than  either  of  the  two 
diameters.  When  they  are  in  juxtaposition,  however,  the  contiguous  sides 
arc  flattened,  while  the  lateral  or  external  surfaces  are  usually  more  or  Ic.  .3 
curved,  particularly  near  the  aperture.  In  a  larger  proportion  of  the 
species,  the  Ccalycle  becomes  slightly  ex])anded  towards  the  aperture  ;  but  in 
a  few  examples  there  is  a  distinct  contraction  above  the  middle,  and  the 
aperture  is  smaller  than  the  base.  Generally,  however,  the  smaller 
diameter  is  just  at  the  junction  with  the  common  body,  or  at  the  junction 
of  the  cell-walls  with  the  walls  of  the  common  canal. 

In  a  single  diprionidian  sjiccies,  where  the  specimens  are  not  distorted  by 
pressure,  a  longitudinal  section  of  the  stipe  in  the  direction  of  its  greatest 
diameter  (plate  A,  fig.  12),  shows  the  cellules  scarcely  narrowed  at  their 
origin  with  the  common  body ;  while  in  a  lateral  view  of  the  specimen, 
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the  base  of  the  cellule  is  seen  to  be  much  wider  than  the  orifice.  (Plate 
A,  fig.  10.) 

In  many  of  the  species  a  transverse  section  of  the  cellule  neaf  the  Imse  is 
quadrangular,  becoming  more  rounded  towards  the  aperture ;  and  when  the 
upper  part  of  the  cellule  is  free,  the  aperture  is  round  or  elliptical,  and  in 
some  specimens  the  calycle  is  elliptical  or  cylindrical  throughout  its 
entire  length.  We  have  examples  of  the  quadrangular  cellules  in  G. 
extensua  (plate  ii,  fig.  16)  and  O.  oetohrachiatm  (plate  vii,  figs.  5  and 
7)  ;  as  well  as  in  two  species  of  Phyllograptm  (plates  xv  and  xvi). 
Where  the  cellules  are  more  nearly  isolated,  they  approach  more  and 
more  to  the  cylindrical  form.  As  examples  of  cellules  contracted  towards 
the  aperture,  we  have  Graptolithus  priodon,  Barrande,  and  (r.  CUnton- 
emis,  Hall.  (Plate  B,  figs.  1,  2,  and  3.) 

M.  Barrande  has  remarked  that  from  the  circumstance  of  the  partial 
or  complete  isolation  of  the  successive  alveoles  of  the  same  scries,  we  may 
easily  conceive  that  the  walls  of  contact  in  contiguous  cellules  should  be 
double.  This  fact  he  has  ascertained  from  decomposing  specimens  of  G. 
priodon  ;  and  wo  have  the  same  evidence  in  some  of  our  species.  In  the 
cellules  of  the  ordinary  mode  of  development,  each  one  is  an  independant  part 
of  the  organization,  and  is  provided  Avith  its  individual  body  and  cell-walls, 
as  if  each  cellule  were  isolated.  Whenever  two  of  these  are  in  contact, 
the  cell-walls  coalesce  as  far  as  the  contact  continues  ;  but  when  becoming 
free,  the  cellule  assumes  its  normal  condition.  In  some  specimens  of 
Phyllograptu%  we  find  this  evidence  of  double  walls  in  the  cell-partitions. 

In  G.  putillus,  illustrated  on  plate  A,  figs.  10,  11,  and  12,  the  cell- 
walls,  although  contiguous  to  and  adjoining  the  walls  of  the  body  (and 
not  free),  do  not  coalesce,  but  are  readily  separable  without  fractiuing 
their  substance. 

There  are  cellules  however  where  the  production  of  the  calyclc  by 
budding  from  the  common  body  is  not  so  obvious.  These  forms  are 
like  G.  bicornis  and  G.  antennarius,  where  the  orifice  is  a  simple  trans- 
versely-oval aperture  in  the  side  of  the  stipe.  In  the  flattened  speci- 
men it  appears  like  a  rectangular  or  slightly  oblique,  semi-oval  notch  in 
the  margin.  Its  true  form  is  perceived  only  when  the  cavities  of  the  polyp 
have  been  filled  with  mineral  matter,  or  when  the  stipes  are  flattened  ver- 
tically against  the  apertures :  they  then  give  the  form  which  has  been 
described  as  G.  scalaris.  This  form  of  cellules  is  shown  on  plate  A,  figs. 
1  and  2,  which  are  enlarged  from  a  specimen  retaining  nearly  its  original 
proportions.  Just  within  the  limits  of  the  cellules,  and  extending  the  entire- 
lengtli  of  the  stipe,  there  is  a  longitudinal  depressed  line ;  and  along  this 
line,  and  running  thence  almost  rectangularly  to  the  outer  limits  of  the 
stipe  just  above  the  aperture,  the  cell-partitions  join  the  exterior  test,  and 
project  in  an  extended  border  or  flange. 
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In  specimens  stripped  of  the  test,  where  the  interior  has  been  filled  with 
stony  matter,  the  cell-partitions  present  the  appearance  shown  in  fig.  3, 
plate  A ;  while  there  is  a  large  central  space  apparently  occupied  by  the 
common  body,  but  without  the  appearance  of  a  central  axis  on  the  exterior 
surface.  When  the  surface  is  ground  down  to  a  plane  intermediate  between 
the  exterior  and  the  centre,  it  presents  the  aspect  of  fig.  4  ;  and  when  the 
cutting  is  cai'ried  to  the  centre,  it  gives  the  characters  of  fig.  6,  the  cell- 
divisions  apparently  reaching  to  the  axis. 

The  general  form  of  this  stipe  in  section  (fig.  6)  approaches  that  of 
lietioUtes,  as  shown  by  Barrande  and  Geinitz;  and  in  the  arrangement  of 
the  common  body  and  axis  there  is  a  departure  from  the  typical  diprioni- 
diau  forms  of  GraptoUthus.  In  this  transverse  section  we  have  a  some- 
what concavo-convex  form,  which  is  narrower  on  the  concave  side.  There 
is  a  central  or  sub-central  point  indicating  the  filiform  solid  axis;  and  on 
each  side  of  this  are  the  divisioi.al  cell-walls,  which  produce  a  slight  con- 
traction of  the  exterior  walls  of  the  stipe  at  the  inner  limit  of  their  attach- 
ment. Another  section,  fig.  7,  shows  the  same  features,  together  with  the 
remains  of  two  other  cell-divisions,  neither  of  which  reach  to  the  exterior 
walls  of  the  graptolite ;  and  the  one  on  the  right  hand  shows  the  narrow 
extremity  just  before  joining  the  axis. 

These  sections,  together  with  numerous  other  longitudinal,  transverse 
and  obli(pie  sections,  compel  us  to  conclude  that  this  graptolite  possesses 
a  filiform  central  or  sub-central  apparently  solid  axis  ;  and  that  the  cell- 
partitions  originate  from,  or  are  joined  to  this  axis.  These  cell-partitions 
appear  to  consist  of  triangular  plates,  Avhich  have  an  unequally  arching  or 
convex  upper  surface,  and  a  concave  lower  surface.  This  form  of  cell- 
partitions  would  leave  the  alveoles  to  communicate  at  their  bases  with  the 
common  body  on  each  side.* 

In  some  forms  having  cellules  of  this  character,  as  in  G-.  bicornis  proper, 
there  is,  in  the  flattened  stipes,  an  external  ridge,  as  if  indicating  the  junc- 
tion of  the  axis  with  the  external  walls.  But  in  examples  where  this  axis 
extends  beyond  the  celluliferous  portion  of  the  stipe,  it  is  compressed, 
having  the  aspect  of  a  flattened  cylindrical  filiform  body.  It  has  no 
appearance  of  having  been  flat,  or  laterally  extended  within  the  l)ody  of 
the  stipe. 

In  the  ordinary  forms  of  graptolites  the  orifice  of  communication  between 
the  cellules  and  the  common  body  is  usually  round,  oval,  or  (quadrangular; 


•  The  cell-partitions  in  tliis  form  of  graptolites  are  represented  ns  tliej-  appear  to  exist 
In  tlie  solid  si)ecin:ens  examined,  on  plate  A,  fig.  9;  where,  curving  gently  downwards 
on  their  exterior  margins  from  the  npper  edge  of  the  orifice,  they  turn  more  ubruplly 
towards  the  axis,  while  the  central  portion  extends  obli<iuely  to  the  axis,  leaving  a 
broad  arch  above,  which  gradually  becomes  angular  as  it  approaches  the  axis. 
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and  tliis  appears  to  be  true  of  all  the  species  Avith  a  single  range  of  cellules, 
and  also  of  the  ordinary  forms  of  those  Avith  two  ranges  of  cellules,  where 
the  common  body  is  divided  by  a  longitudinal  axis. 

In  lietioUtes,  where  there  is  no  well-marked  division  limiting  the  com- 
mon body,  the  union  of  the  cellules  with  it  is  not  so  well  defined;  nor 
does  there  appear  to  be  in  these  forms  a  continuous  cell-partition:  the 
cellules  open  in  a  quadrangular  aperture,  which  is  a  little  oblique  to  the 
transverse  diameter. 

In  those  graptolites  with  the  simple  transversely-oval  orifices  in  the  test, 
as  Gr.  bicornis,  the  arrangement  of  the  common  body  and  the  communica- 
tion of  the  cellules  differ  from  all  the  other  forms.  There  is  an  apparent 
double  communication  with  the  common  body,  giving  not  only  the  usual 
bilateral  arrangement  of  the  parts  generally,  but  a  bilateral  arrangement 
of  the  parts  in  the  individual  alveoles. 

The  external  orifice  of  the  cellule  in  graptolites  is  extremely  variable  in 
form,  and  in  its  relative  direction  to  the  body  of  the  cellule,  and  to  that  of  the 
general  axis.  In  a  large  proportion  of  the  species,  the  aperture  is  oblique 
to  the  axis  of  the  cellule,  a  little  expanded,  and  thickened  at  the  margin. 
The  lower  or  posterior  edge  is  often  prolonged  into  a  mucronate  point  or 
expansion.  This  feature,  combined  Avith  the  various  degrees  of  curvature 
at  or  near  the  aperture,  produces  a  great  diversity  of  external  expression 
in  the  orifice. 

In  G.  nitidus,  plate  i,  and  in  Gr.  oimilis  and  Q-.  extensus,  plate  ii,  the 
plane  of  the  orifice  is  nearly  rectangular  to  the  axis  of  the  cellule  ;  Avhile 
in  Gr.  hifidu»,  G-.  pennatulus,  and  others,  the  margin  is  produced  into  a 
strong  mucronate  extension.  In  Gr.  octohrachiatus  the  line  of  the  cell- 
margin  makes  an  angle  of  more  than  90°  Avith  the  axis  of  the  cellule. 

In  mature  individuals  of  Gr.  Clintonensis  the  upper  part  of  the  cellule  is 
re-curved,  and  the  orifice  opens  doAvnAvard  nearly  at  right  angles  to  the 
general  axis,  having  a  slight  spreading  and  thickening  of  the  border.  In 
less  mature  individuals  the  orifice  is  apparently  angular,  and  opens  upAvard, 
Avhile  the  plane  of  the  aperture  makes  less  than  a  right  angle  Avith  the 
direction  of  the  general  axis.  It  Avould  appear  that  in  the  progress  of 
groAvth  the  cell-Avalls  are  continued,  gradually  contracting  above,  and,  after 
becoming  free  from  the  adjacent  cellule,  form  a  slender,  gradually  curv- 
ing tube,  Avhich  in  mature  individuals  has  its  orifice  directed  backAvard. 

In  Bendrogmptus,  the  form  of  the  orifice  and  outline  of  the  aperture 
present  variation*  similar  to  those  of  the  simple  uniserrate  graptolites ; 
but  some  si)ecies  shoAV  modifications  in  the  form  of  the  cellule  Avhich  do  not 
accord  Avith  the  more  simple  forms.  In  Dicti/onema,  the  cellules  are  not 
fully  knoAvn  ;  the  orifices  are  marked  by  a  prominent  mucronate  extension, 
and  apparently  simulate  the  more  common  forms  of  graptolites.  (Fig.  5, 
plate  B.) 
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In  the  bi-celluliferou3  species  the  compressed  specimens  present  the 
plane  of  the  orifice,  sometimos  rectangular  to  the  general  axis,  sometimes 
with  the  outer  margin  a  little  advanced,  making  an  acute  angle  with  the 
axis  of  the  cellule,  while  sometimes  the  plane  of  the  margin  of  the  aperture 
is  rectangular  to  the  axis  of  the  cellule,  or  rarely  makes  with  it  an  obtuse 
angle.  The  cellules  of  Retiograptus^  which  have  not  yet  afforded  means 
of  satisfactory  examination,  ai)parently  have  their  orifices  nearly  rectan- 
gular to  the  general  axis  of  the  stipe. 

In  one  of  the  forms  of  the  bi-celluliferous  graptolites  the  cellules  are 
sub-ell'" ptical  tubes,  with  an  orifice  of  corresponding  form,  without  extension 
beyond  a  slight  thickening  or  callosity  at  the  margin  of  the  orifice.  The 
plane  of  the  cell-aperture  in  this  one  makes  an  obtuse  angle  with  ithe 
direction  of  the  general  axis. 

In  forms  like  Q-.  hicornia  the  external  orifice  is  transversely  oval,  with 
or  without  a  projection  and  thickening  of  the  test  from  the  cell-;^jartition 
above  the  orifice,  or  extension  of  the  test. 

4.  Ornaments  of  the  Test. — The  compressed  condition  in  which  the 
graptolites  usually  occur  is  unfavorable  to  the  preservation  of  any  minute 
surface-markings,  or  ornaments  of  the  test. 

In  many  of  the  species,  fine  strise,  parallel  to  the  margins  of  the  cell- 
apertures,  are  perceptible,  and  in  the  larger  number  of  species  this  mark- 
ing is  all  that  is  preserved.  There  is  sometimes  a  granular  appearance 
of  the  surface,  but  I  have  not  been  able  to  satisfy  myself  that  this  is  the 
actual  surface-texture  ;  it  may  be  a  condition  induced  by  mineralization. 
In  a  few  examples  there  is  a  row  of  minute  pustules  at  the  base  of,  and 
corresponding  to  the  cellules. 

The  stems  and  branches  of  Dendrograptus,  Callograptus,  and  Dictyo- 
nema  are  irregularly  striated.  In  typical  species  of  lietioHtes  the  test 
is  finely  reticulate  ;  Avhile  in  the  species  from  the  Quebec  group,  this 
texture,  if  existing,  is  so  fine  as  not  to  be  readily  resolved  by  an  ordinary 
lens.  The  surface  however  has  not  the  appearance  of  entire  smoothness, 
as  in  most  of  the  ordinary  graptolites. 

The  chief  ornaments  of  these  bodies  are  the  mucronate  extensions  of 
the  test,  usually  from  the  lower  margins  of  the  cellules,  but  sometimes 
from  the  upper  margins.  In  ordinary  form.s  of  the  species,  with  single, 
and  Avith  double  ranges  of  cellules,  the  mucronate  or  setiform  extensions 
are  usually  from  the  lower  extremity  of  the  cell-aperture,  as  illustrated  in 
fig.  29.  * 

In  all  those  forms  of  which  Q-.  hiconm  may  be  regarded  as  the  type, 
these  processes,  when  existing,  are  extensions  of  the  test  above  the  aper- 
ture, so  far  as  observed  (pi.  A,  figs.  1,  8,  9)  ;  or  as  in  species  of  the 
character  of  fig.  20,  plate  A. 

In  some  species,  as   Q-.  quadrimucronatua  (plate  xiii),  there  is  a 
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Gbaptolithus  'Whitfieldi  : 
twice  enlarged. 

mucronate  point  extending  from  each  angle  of  the  cellule  ;  as  also  in 
G.  testis  of  Barrandc  ;  except  that  in  the  Canadian  species  these  appen- 
dages are  more  rigid. 

In  Phyllograptus  typus  and  P.  ilicifolms,  these  processes  are  apparently 
the  extension  of  the  angles  of  the  cell-partition. 

The  cellules  of  Dendrograptus,  Callograptus,  and  Dictgonema  some- 
times show  mucronate  extensions  from  their  outer  margins.  In  ItetioUtes 
the  cellules  sometimes  terminate  in  a  plain  margin,  and  in  one  species  the 
divisions  are  extended  in  short  strong  mucronate  points.  (Plate  B, 
figs.  5  and  21,  and  plate  xviii,  fig.  6.) 

All  the  species  of  lietiograptus  have  the  margins  of  the  stipes  gar- 
nished with  slender  mucronate  points,  corresponding  to  the  cellules,  and 
extending  almost  rectangularly  to  the  axis.    (Plate  xiv,  figs.  6-9.) 

These  ornamerts  are  not  always  umforraly  devcloi)cd  in  the  same 
species,  or  even  in  the  same  individual.  In  the  larger  proportion  of 
specimens  of  6r.  raiyiosus,  the  margins  of  the  cellules  are  apparently 
plain ;  but  in  the  cellules  of  the  simple  part  of  the  stipe  we  sometimes 
find  a  rigid  mucronate  point,  prolonged  from  the  upper  margin  or  limit  of 
the  cell-aperture.  (Plate  A,  fig.  20.)  In  G.  sextans,  the  mucronate 
point  is  half-way  between  the  two  cell-apertures. 

In  specimens  of  G.  sextans,  and  in  some  allied  forms  from  the  Hudson 
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River  formation  at  Marsouin,  Canada,  the  stipes  and  cellules  arc  less 
fully  developed  than  in  those  of  the  same  species  from  Norman's  Kill  near 
Albany,  while  the  mucronato  extensions  from  the  cell-apertures  are  more 
conspicuous. 

Besides  these  ornaments,  there  is  on  each  side  of  the  radicle  or  initial 
point  at  the  base  of  most  of  the  diprionidian  species  of  graptolitcs,  a 
small  process,  varying  in  length,  and  usually  directed  downwards.  These 
processes  arc  usually  short,  but  often  considerably  extended ;  in  some  spe- 
cies they  are  very  slender,  while  in  others  they  are  strong  and  rigid. 
In  Gr.  pristia  they  are  frequently  seen  as  short  slender  processes  ;  while 
in  G.  bicornis  they  are  rigid,  strong,  and  slightly  curving.  In  G.  anten- 
narins,  a  congener  of  the  latter,  they  are  long  and  slender  setiform 
appendages.  In  one  species  of  Retiograptus  they  are  slender  setiform 
processes,  directed  downwards. 

In  no  species  of  Phjlloyraptus  have  such  appendages  been  observed ; 
nor  have  they  been  seen  at  the  bases  of  the  stipes  of  lietiolites. 


§  IV. — MODE  OF  REPRODUCTION  AND  DEVELOPMENT  IN  THE  GRAPTOLITIDiE. 

As  already  remarked,  the  graptolitcs  proper  are  now  generally  referred 
by  authors  to  the  Radiata ;  while  some  forms  which  I  incliii>o  in  the 
family  have  been  heretofore  regarded  as  reticulate  bryozoans,  oi  as  gor- 
goniaus.  The  nearest  analogues  in  the  recant  fauna  appear  to  be  among 
the  group  Pennatulidae,  or  in  the  Sertularidse  ;  but  in  all  these  there  is 
no  absolute  identity  in  the  mode  of  development  or  character  of  cellules, 
so  far  as  my  observation  has  extended. 

In  nearly  all  the  true  bryozoan  forms  among  fossils,  we  have  the  means 
of  tracing  the  relations  and  analogies,  both  in  manner  of  growth  and 
reproduction,  throughout  all  the  successive  geological  periods,  and  in  the 
present  fauna.  It  becomes  therefore  more  difficult  to  discover  such 
analogies  for  the  Graptolitidae,  since  the  graptolitcs  proper  disappear 
from  existence  in  the  Silurian  period  ;  and  the  latest  form  of  Graptolitidse 
(^Dictyonema')  is  not  found,  so  far  as  now  known  to  me,  in  American 
strata,  at  a  later  period  than  the  Hamilton  formation  or  Middle  Devonian. 
From  this  cause,  the  mode  of  growth  and  development  are  not  so  readily 
understood  as  in  those  families  which  can  be  traced  throughout  the  geo- 
logical series,  and  still  find  their  analogues  in  the  present  seas. 

In  1858,  I  laid  before  the  American  Association  for  the  Advancement 
of  Science  a  notice,  with  some  illustrations  of  graptolite  stipes,  bearing 
•what  I  then  regarded,  and  do  still  regard,  as  the  reproductive  cells  or 
ovarian  vesicles.    These  cells  first  appear  as  small  ovate  buds  upon  the 
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margins,  projecting  but  littlo  beyond  the  regular  cellules,  and,  becoming 
enlarged,  form  elongated  sacs  with  swollen  extremities,  which  are  finally 
dehiscent ;  and  then,  as  I  suppose,  discharging  the  ovules  or  germs,  are 
gradually  absorbed  or  dissipated. 

Altlu.ugli  these  sacs  arc  distinctly  defined,  they  have  scarcely  any 
apparent  substance,  except  along  the  lateral  margins,  which  are  limited 
b}"-  a  fililbrm  extension  resembling  the  solid  axis  of  a  graptolite.  There 
are  likewise  numerous  fibres  of  this  kind  traversing  the  sacs ;  and  these 
sometimes  remain  attached  to  the  original  stipe  after  the  other  parts  are 
separated.  In  one  example,  we  have  conclusive  evidence  that  they  are 
connected  with  the  solid  axis  of  the  parent  stipe.  The  gradations  of 
development  in  these  sacs  may  be  studied  in  the  figures  G-9,  plate  B. 

In  the  specimen  fig.lO  of  the  same  plate  the  ordinary  cellules  are  removed, 
and  the  fibres  are  still  seen  joined  to  the  axis,  showing  the  origin  of  the 
rcjiroductivo  sacs.  In  most  specimens  bearing  these  sacs,  the  cellules  of 
the  stipe  are  so  obscure  that  the  species  cannot  be  determined ;  but  in 
fig.  9  we  find  them  attached  to  a  well-marked  stipe  of  G.  Whitfieldi. 

This  mode  of  reproduction  in  the  graptolites  shows  much  analogy  with 
the  Ilydroidca,  and  would  indicate  the  sertularians  as  their  nearest 
analogues.* 

Upon  the  surfaces  of  the  slate  where  these  bodies  occur,  there  are 
numerous  graptolitic  germs,  or  young  graptolites  of  extremely  minute 
proportions,  ranging  from  those  where  the  first  indications  of  their  form 
can  be  discovered,  through  successive  stages  of  development  till  they 
have  assumed  the  determinate  characters  of  the  species. 

In  several  examples,  these  miimte  germs  have  been  detected  near  to 
and  in  contact  with  the  reproductive  sac  ;  and  in  one  case,  there  is  but  a 
hair's-breadth  between  one  of  the  fibres  of  the  sac  and  one  of  the  obli(iue 
processes  at  the  base  of  the  germ.  It  cannot  be  said  that,  we  have 
detected  the  germ  actually  within  the  sac ;  but  the  numerous  young 
individuals  lying  near  them,  and  upon  the  surfaces  of  the  same  lamintx), 
offer  very  good  arguments  for  supposing  that  they  have  been  thus  derived. 

The  earliest  defined  form  which  we  observe  in  the  young  graptolites 
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*  In  the  recent  Sertularia  and  Campanulnria  we  find  ovarian  vesicles,  In  which  a 
number  of  ovules  mr.y  be  enclosed  in  a  common  envelope.  These  resides  are  developed 
along  the  side  of  a  stipe  or  branch,  and  the  ovules  are  often  arranged  along  a  central 
axis,  cftcli  one  communicating  with  the  common  axis  of  the  zoophyte.  [Jas.  J.  Lister, 
Pluhsophind  Transactions,  1834,  pp.  3G5-388,  pi.  ix.  Cited  also  by  Dana,  "Structure 
and  Classification  of  Zoophytti  "] 

Prof.  JlcCoy  has  stated  (British  Palaoioic  Fossils,  p.  4)  that  he  has  found  near  the 
base  of  tlie  cellules  of  graptolites,  a  transverse  partition  or  diaphragm,  similar  to  what 
may  be  observed  in  some  sertularians,  and  which  he  regards  as  proving  similar  rela- 
tions ;  but  I  have  not  discovered  in  any  American  specimens  evidence  of  such  cell- 
diaphragms. 
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consists  of  the  initml  point  or  radicle;  n  diverging  process  of  similar 
character  on  eacli  side,  hut  not  ((nite  opposite ;  a  longitudinal  axis  of 
greater  or  less  extent ;  and  a  sac-like  covering,  or  tlun  pellicle  of  grapto- 
litic  test,  which  has  scarcely  assumed  the  form  of  cellules,  but  which  ia 
most  extended  in  the  direction  of  the  common  body  along  the  solid  axis. 
This  little  sac  contains  the  germ  of  the  zoophyte,  which,  extending  itself 
as  the  common  body  in  its  canal  along  the  axis,  gives  origin  to  the  budding 
which  develops  the  successive  cellules  and  the  gradual  building  up  of  the 
stipe. 

The  earliest  condition  of  development  is  illustrated  in  fig.  12  of  plate  B.* 
At  a  farther  stage  of  development  we  have  the  form  better  defined,  as 
in  fig.  13,  where  the  germ  has  assumed  the  general  aspect  of  G:  pristia, 
the  slender  lateral  processes  being  rectangular  to  the  axis. 

On  the  left  hand  of  fig.  8,  and  at  the  third  reproductive  sac  below  the 
top,  there  are  two  germs  visible,  close  to  the  sac,  where  the  connection 
batwecn  one  of  these  and  the  fibre  is  nearly  complete.  The  same  is  shown 
in  the  enlarged  fig.  11. 

In  figure  14  we  have  the  germ  of  another  form,  which  is  unequally 
developed  on  the  two  sides.  Figure  15  (represented  of  the  natural 
size)  appears  to  be  of  the  same  species,  having  reached  a  more  definite 
form.  Figure  IG  is  an  oval  disc,  of  which  several  more  or  less  defined 
specimens  have  been  found  among  the  young  graptolites,  but  I  have  not 
been  able  to  trace  it  to  any  known  mature  form. 

The  specimens  figs.  17  and  18  appear  to  be  the  young  of  G.  bioornis, 
or  of  a  similar  form.  In  one  the  body  is  narrow,  without  marks  of  cellules, 
and  the  solid  axis  is  not  extended  above  the  common  body,  being  prob- 
ably broken  off.  In  the  other  there  is  a  greater  expansion  of  the 
common  body,  but  no  cellules  are  visible,  and  the  central  portion  of  the 
substance  is  more  dense,  while  towards  the  margin  it  is  extremely  thin ; 
the  solid  axis  is  extended  beyond  the  stipe,  and  the  lateral  oblique  pro- 
cesses arc  (piite  perfect.  This  germ,  with  its  axis  and  common  body,  had 
not  begun  to  develop  the  cell-apertures  en  its  margins,  which  may  be 
seen  at  a  later  period. 

In  nearly  all  the  young  graptolites  there  is  an  extension  of  the  common 
body  along  the  axis  above  the  incipient  cellules.  This  is  observed  in  the 
figures  referred  to  and  in  the  young  of  G-.  ramosus,  shown  six  times 
enlarged  on  plate  A,  fig.  21. 

Although  I  have  found  none  of  the  monoprionidian  forms  with  repro- 
ductive sacs  attached,  I  have  nevertheless  observc<,l  what  appear  to  be  the 
young  of  home  of  these  species,  having  an  aspect  similar  to  the  others, 


•  All  tlie  specimens  of  germs  or  young  graptolites  are  six  times  enlarged,  except 
figs.  1)  and  17. 
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except  in  carryiiij^  the  dovclopnnJwl  upon  one  side  only  of  the  solid  axis. 
An  illustration  of  one  of  these  forms  is  given  in  fig.  1*.>,  plate  B,  showing 
the  base  irregularly  divided.  These  forms  cannot  bo  referred  to  any 
known  mature  species. 

Thirt  mode  of  devclopmciu  illustrated  in  numerous  specimens,  can  be 
readily  understood  in  the  sinijile  stipes  whether  of  the  monoprionidian  or 
diprionidian  character.  Admitting  that  the  examples  given  furnish 
evidence  of  the  mode  of  reproduction  of  the  diprionidian  forms,  or  those 
of  the  sub-genus  Diploffraptus,  where  wo  have  a  range  of  cellules  on  each 
side  of  a  solid  axis,  it  is  easy  to  perceive  how  the  germ  of  an  analogous 
form  may  develop  from  its  initial  point  two  series  of  cellules  upon  a  stipe, 
where  the  parts  diverge  in  opposite  directions  from  the  common  origin  or 
initial  point.  One  stop  farther  in  this  direction  will  give  us  the  four-stiped 
forms,  where  the  germ  of  the  common  body,  with  its  additional  elements 
of  subdivision,  produces  the  (piadripartite  frond ;  and  so  onwards,  until 
we  have  the  numerously-branched  fronds  and  the  branching  stipes. 

In  all  these,  the  germ  in  its  incipient  development  will  differ  very  little. 
It  may  consist  of  the  radicle  or  initial  point,  with  the  solid  axis,  and  the 
common  body,  separated  into  two,  four,  eight,  or  an  indefinite  number  of 
divisions,  each  one  bearing  its  solid  axis  and  common  canal.  These  sub- 
divisions sometimes  all  take  place  near  the  origin,  which  is  always  central ; 
and  the  divisions  continue  simple  throughout,  or  do  not  bifurcate  after 
they  commence  to  develop  cellules. 

In  others  the  stipes  arc  again  divided,  and  this  subdivision  is  only 
limited  by  the  extent  of  the  frond.  In  all  these  fronds  the  parts  are  always 
arranged  symmetrically  or  bilaterally  on  the  two  sides  of  the  initial  point ; 
as  has  been  illustrated  in  the  preceding  pages. 

Throughout  all  the  monoprionidian  forms,  or  those  illustrated  on  the 
first  twelve  plates  of  this  memoir,  we  have  only  modifications  of  the 
simplest  form  of  development  shown  in  the  species  of  plates  i  and  ii.  Where 
the  divisions  at  the  base  become  more  numerous,  (and  indeed  in  the  four- 
stipod  species,)  we  find  a  thick  corneous  test,  of  the  same  substance  as  the 
other  parts  of  the  graptolite,  uniting  the  bases  of  the  stipes  and  continuing 
along  their  margins.  This  plate  has  a  greater  or  less  development,  not 
always  corresponding  to  the  size  or  extent  of  the  stipes.  It  is  sometimes 
absent,  apparently  from  accident,  and  some  of  the  four-stiped  species  are 
not  known  to  possess  it ;  while  it  has  never  been  observed  in  any  of  the 
species  where  the  stipes  are  properly  branched,  or  divided  in  the  celluli- 
ferous  parts  of  their  length. 

The  interior  of  this  corneous  disc,  previously  described  as  apparently 
composed  of  two  plates  of  the  test,  has  probably  been  occupied  by  some 
softer  substance,  which  may  have  been  an  extension  of  the  common  body,  or 
have  had  in  some  degree  the  character  of  the  common  body  of  the  stipe. 
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The  development  of  the  diprionidian  forms,  as  deduced  from  the  young 
graptolitos  which  we  find  associated  with  the  reproductive  cell-bearing 
stipes,  would  show  that  these  forms  of  graptolitos  exist  as  single  and 
simple  independent  stipes  from  the  commencement  of  their  growth. 
Nevertheless  I  conceive  that  both  lietiolites  and  lietiograptus  may  have 
existed  in  compound  fronds,  having  their  origin  from  a  central  point  not 
unlike  in  the  commencement  to  Qraptolithus  Logani,  but  without  the 
central  disc.  These  fronds  were  probably  concavo-convex,  as  were  the 
individual  stipes.  The  solid  axis,  instead  of  being  central,  is  placed  exter- 
nally along  the  centre  of  the  convex  or  outer  side  ;  and  the  cell-divisions 
on  that  side  reach  to  and  join  it ;  while  on  the  upper  or  concave  side  the 
cell-divisions  do  not  reach  the  centre,  leaving  a  space  for  the  common 
liody,  Avhich  has  been  shown  by  Barrande  and  Geinitz  to  produce  a  central 
longitudinal  prominence. 

In  these  forms  the  mode  of  development  has  been  similar  to  that  already 
explained,  the  modification  being  chiefly  iu  the  external  position  of  the 
axis  and  the  joining  of  cell-divisions  with  the  axis  on  one  side ;  leaving 
the  common  body  in  a  somewhat  triangular  form,  from  which  the  alveoles 
are  developed  on  either  side. 
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Wlictljor  the  Ph/Uofjmptus  existed  as  simple  stipes  with  four  ran^'es  of 
cellules,  or  in  a  compound  arrangement  as  in  Betlo'jriijitMn,  the  moilc  of 
developiiKMit  has  heon  similar:  either  the  germ  Avith  its  initial  puint 
developed  a  i^higle  stipe  with  fo\ir  ranges  of  cellules,  or  the  same  eh'ments  ^ 
first  subdivided,  and  each  division  gave  origin  to  its  stipe  through  the 
common  liody. 

In  regard  to  the  development  of  the  celhdes  in  the  different  piirts  of 
the  grapti.lite,  we  observe,  as  a  uniform  feature,  their  lesser  dcve!(jpment 
toAvards  the  base  of  the  stipe.  In  all  the  monoprionidian  {'orms  this  elu^r- 
acter  is  particularly  observable ;  and  in  a  few  species  the  earlier  cellules 
are  raised  ivi  a  scarcely  perceptil)le  elevation  above  the  general  suriiicc  of 
the  common  envelope.  Indeed  in  a  few  instances  it  is  impossible  to  ascer- 
tain satisfactorily  whether  these  earlier  })rominences  are  expanded  into 
open  cellules.  As  the  stipe  is  extended,  they  become  gradually  more  and 
more  prominent,  until  towards  the  middle,  or  oftener  perhajiS  nearer  the 
distal  extremity,  their  greatest  degree  of  development  is  reached.  In  some 
species  thi-  takes  place  near  the  base,  and  in  the  more  elongated  stipes 
there  is  no  sensible  increase  throughout  a  great  part  of  their  lengtli,  and 
the  two  mai'gins  of  the  stipe  arc  essentially  parallel.  Towards  the  distal 
extremity  tlicre  is  a  gradual,  or  often  a  more  abrupt,  diminution  in  the  size 
of  the  celhdes,  and  a  few  of  the  hist  ones  are  nnich  smaller,  until  the  ter- 
minal eellule  is  somethnes  seen  in  a  partially  developed  condition  lietween 
the  connuon  body  and  the  parlition  of  the  j)receding  cellule. 

The  same  condition  of  development  in  the  cellules  is  true  of  the  diprio- 
nidian  firms,  as  is  shown  in  some  degree  in  G.  pristinifurinh,  jilate  :;iii, 
but  more  es[)ecially  in  the  accompanying  figures  of  G-  pi-iMia  and  G. 
W/ii{iichh\  the  last  of  which  shows  the  higher  cellules  diminished,  su  as  to 
contract  the  widtli  of  the  stipe  above  (figs.  80  and  ol,  p.  oiJ). 

In  ]u'!')l(ti's  and  Jictioi/raptus,  the  full  development  of  the  cellules 
takes  place  bolow  the  middle  of  the  length  of  the  stipe,  while  they  are 
less  developed  towards  either  extremity.  In  some  species  of  JidloliU's, 
including  one  from  the  Clinton  formation,  the  cellules  ac(piire  their  ,i:reatest 
develo]'ment  near  the  base,  and  the  margins  arc  essentially  parallel  fur  the 
greater  )  art  of  their  length. 

In  riiii'd'ijraptux^  the  lesser  development  of  the  celhdes  at  the  base  of 
the  stipe  is  a  marked  feature.  They  increase  rapidly  towards  the  middle; 
and  their  greatest  development  is  sometiuies  above  and  sometimes  lielow  the 
middle,  but  in  all  cases  becomes  rapidly  less  towards  the  apex. 

In  /)i'ni/ri\'jr<iptus,  where  we  have  a  stout  stem  without  cellules,  the 
branches  usually  begin  at  some  distance  above  the  base  :  and  iu  their 
lowei-  p:irt  they  have  scarcely  the  appearance  of  being  celluliferous  ;  in 
the  midiile  of  their  extent  the  cidlules  become  more  distinct,  and  so  I'ar  as 
can  bvj  observed  they  are  less  developed  towards  the  extremities. 


Bii  1    i 


i  4 


88 


CAXADIAX   FOSSILS. 


W' 


If-" 


:    ■  ;■'* 


..^a; 


§  v. — MODE   OF  EXISTEXCE. 

TliG  numerous  individuals  of  entire  or  nearly  entire  fronds  illustrated 
in  this  nicnioir,  as  well  as  large  numbers  of  others  examined,  serve  to  give 
a  jiretty  clear  idea  of  the  general  form  of  the  true  Graptolites,  as  mcII 
as  of  their  congeners  of  the  same  fomily.  Notwithstanding  the  presence 
of  the  radicle  or  initial  point  observable  in  so  many  species,  it  does  not 
afford  evidence  of  attachment  to  the  sea-bottom  or  to  some  other  sub- 
stance, at  least  in  the  mature  condition.  In  all  the  monoprionidian  forms, 
however  nmch  or  little  extended  the  radicle  may  be,  it  is  ahva^'s  smooth, 
and  tapering  to  a  point.  In  many  of  these,  and  more  especially  in  those 
with  a  (jcntral  disc,  this  radicle  is  reduced  to  a  minute  protuberance,  and 
is  often  scarcely  or  not  at  all  perceptible. 

Tlic  same  is  essentially  true  of  the  greater  luimber  of  dijirionidian 
forms  examhied.  In  these  tlic  solid  axis  is  sometimes  exterided  beyond 
the  base  of  the  stipe,  and  terminated  us  if  broken  off  abrnj)tly ;  while 
there  is  often  a  slender  obli(|uc  process  on  each  side  of  the  base. 

In  Jletlof/rajittis  and  PIii/lloij?rijitiis  there  is  not  the  same  evidence  of 
completeness  at  the  base  of  the  rudiele.  The  lower  termination,  \vlien  it 
can  be  fully  examined,  is  broken,  as  if  there  had  been  a  further  continua- 
tion of  this  part,  though  it  exhibits  no  enlargement.  I  have  inferred  that 
all  tliese,  like  the  example  of  Jiftloi/rapfiis  eucJtaris  (fig.  !•,  pi.  xiv), 
have  constituted  parts  of  a  similar  compound  body,  and  are  but  the  sepa- 
rated stipes  of  the  frond.  If  this  l)e  true,  tlieir  mode  of  existence  is  not 
unlike  the  other  species  with  compound  fronds  and  a  central  disc. 

In  (r.  I'icoruis  the  extension  of  the  solid  axis  below  the  base  of  the  stipe 
is  not  always  preserved  ;  but  when  it  is  entire,  we  find  two  strong,  diverging 
and  sli^ditly  curving  processes  or  spines  from  the  base,  liavhig  smooth 
terminations.  Sometimes  a  disc  or  bulb,  of  the  same  substance  as  the  stipe, 
extends  between  these  spines,  and  in  the  compressed  condition  envelopes 
a  few  of  the  lower  cellules,  as  shown  in  fig.  17,  plate  A.  Some  of  the 
phases  presented  by  the  basal  extremities  of  this  species  are  shown  in 
figs.  1:'),  15,  1<!,  and  17  of  the  same  jihite. 

The  expansion  at  the  base  of  this  species  has  the  same  general  appear- 
ance as  the  central  disc  of  G.  Loi/<ini,  G.  jlcitdi,  and  others  ;  showing  that 
this  sort  of  development  of  the  substance  is  not  alone  characteristic  of 
those  f  iniis  having  several  stipes  united  at  the  base.  In  otlier  examples 
this  basal  expansion  is  contracted  in  sueli  a  manner  as  to  give  a  crescent- 
form  to  the  lower  extremity  ;  Imt  in  all  these  gradations,  the  margins  of 
this  part  are  entire  and  unbroken. 

We  have  seen  that  the  youngest  forms  of  the  diprionidian  graptolites, 
those  which  we  may  suppose  hud  but  recently  escajied  from  the  reproduc- 
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tivc  sac,  are  furnished  with  the  minute  ra(hclc-Ukc  appendage  or  extension 
of  tlic  soHd  axis,  as  well  as  the  oldiquc  lateral  processes  like  tcntacula ; 
and  the  condition  of  these  parts  does  not  seem  to  have  been  cssoutially 
changed  during  any  subsequent  period  of  their  growth.  While  the 
extension  of  this  slender  solid  axis  docs  not  seem  of  sufficient  strength  to 
have  f(jrraed  the  base  of  attachment  to  the  sea-bottom,  it  may  have  been 
sutHcient  to  maintain  connection  with  other  parts  of  a  compound  frond. 

For  all  those  species  Avith  a  shigle  range  of  cellules,  as  well  as  for  some 
with  a  double  range,  including  lidioUtcs,  RctiograpiHS,  and  Phi/Uofp-djifia^, 
I  conceive  that  we  have  already  shown  a  similar  plan  of  development  and 
a  11 'nforni  mode  of  existence  ;  and  Ave  are  constrained  to  believe  that  all 
-these  forms,  in  their  mature  condition,  were  free  floating  bodies  in  the 
Silurian  seas. 

In  regard  to  another  group  including  DcmlrograptuH,  CaUof/rci/i'iis, 
and  Bictijoneiiia,  as  well  as  one  or  tAVO  other  forms,  avc  liaAT  some  evidence 
indicative  of  a  different  mode  of  existence.  The  stems  of  Dendrorjraptiis 
arc  enlarged  towards  their  base,  and  sometimes  present  a  sudden  expansion 
or  Imlb,  Avhich  I  have  inferred  may  be  the  base  or  root,  once  attaclied  to 
another  substance  or  imbediled  in  the  mud.  The  general  form  of  the 
species  conduces  to  the  belief  that  they  Avere  fixed  to  the  sea-bottom, 
though  possibly  this  basal  expansion  may  have  resembled  that  of  GnijitoU- 
thus  hii:o)'His.  In  most  of  the  species  described,  the  loAver  extremity  is 
imperfect,  and  it-;  termination  unknoAvn. 

In  those  Avhieli  I  have  termed  Calhxjrap'ns,  the  bases  of  the  fronds  are 
imperfect,  I)ut  indicate,  according  to  analogy,  a  radicle  or  point  of  attach- 
ment like  Dcndrofjraptus.  In  the  more  nearly  entire  forms  o^ Didyonciiia 
known,  Ave  have  not  been  able  to  observe  the  base;  Imt  from  their  simi- 
larity in  form  and  mode  of  groAvth  to  Fcnestdla  and  lldcpora,  avc  have 
inferred  their  attachment  either  to  the  sea-bottom  or  to  foreign  bodies. 

Nearly  all  these  forms  occur  in  rocks  Avliere  there  are  few  of  the  bu-ger 
fossils  of  any  kind  e.vceiit  the  graptolites  ;  so  that  there  is  little  chance 
of  finding  their  liases  attached  to  shells  and  corals,  as  avc  do  those  of  the 
bryozoans,  even  if  they  had  thus  existed.  Tlie  Didjoncma'  of  the 
Niagara,  Upjier  Ilelderbcrg,  and  Hamilton  groups  do  occur  in  strata  Avliich 
contain  large  numbers  of  other  fossils;  liut  we  have  no  evidence  of  their 
having  been  attached.  It  is  only  from  their  general  form  therefore,  and 
frcin  their  analogy  with  other  bodies,  that  we  infer  that  these  genera  may 
have  lieen  attached  to  the  sea-bottom  or  to  some  objects  during  their 
growth. 

AVe  admit  therefore  that  the  family  of  Graptolitidio,  as  noAV  extended, 
may  iuclude  both  free  and  fixed  forms. 
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§  yi. — r.KNKnAL  CHARACTERS  OF  THE  FAMIIA'  OF  (iRAl'TOLTTID.T;  ;  WITH 
lUa'KUEXCE  TO  THE  DISTIXCTIVE  FEATURES  OF  THE  OENEUA,  AS  KNOWN 
IN  THE  GEOLOGICAL  FORMATIONS  OF  CANADA  AND  THE  UNITED 
STATES. 

In  the  first  section  of  this  memoir,  I  have  remarked  upon  tlie  nature 
and  general  form  of  the  graptolitcs  proper,  and  the  allied  genera  which  I 
regard  as  belonging  to  the  same  family.  The  lari^e  accession  to  the 
number  of  species,  and  the  great  variety  of  new  forms  added  to  those 
formerly  known,  require  an  extension  of  tlic  characters  heretofore  given. 

The  numerous  graptolites  descrilted  by  Nilsson,  llisinger,  Bronn, 
Murchison,  Eichwald,  Portlock,  Geinitz,  Barrande,  Suess,  ^NlcCoy,  Salter,* 
llarkucss,  Xicol,  Mcneghini,  myself,  and  others,  were  for  the  most  part  in  a 
fragmentary  condition,  affording  knowledge  only  of  the  simple  stipe,  the 
structure  of  its  parts,  and  the  arrangement  of  the  cellules.  From  these 
fragments  however  we  have  derived  tlie  generic  characters ;  while  the  modi- 
fications in  firm,  and  the  order  and  relations  of  cellules,  have  furnishcil 
means  of  S})cclfic  distinction  in  tlie  greater  proportion  of  tlwsc  described. 

In  maintahiing  the  generic  term  Grdjitout/n'.s  for  the  forms  which  have 
the  nearest  relations  with  those  to  which  the  term  was  originally  applied 
by  Linmeus,  M.  Barraude  has  projiosed  two  sub-genera,  characterized 
b}'  the  presence  of  a  single  series,  or  of  two  parallel  series  of  cellules, 
under  the  names  of  JIonnpri'Di  and  Dijir/oJi.  The  latter  term  having 
been  applied  to  a  gemu  of  insects,  the  name  Biploynqdus'''  of  McCoy  has 
generally  ])eeu  ado[ited. 

The  distinction  indicated  would  at  one  time  have  expressed  a  character 
perfectly  trenchant  :  but  the  discovery  of  such  ibrnis  as  (f.  nini'mnii^  and 
G .fiircafns.  shows  the  occurrence  of  both  a  single  and  a  double  series  of 
ccllides  u})on  the  same  sti]»e,  or,  more  properly,  shows  the  basal  portion 
consisting  of  a  stipe,  with  two  parallel  ranges  of  cellules.  The  stipe,  dividing 
at  Some  distance  above  its  ririgin,  is  continued  as  two  simple  stipes,  each 
with  a  single  range  of  collides.  These  cellules  are  on  the  <iiiter  margin, 
and  are  a  continuation  \\ithout  interruption  from  those  of  tlie  lower  part 
of  the  stipe.  Including  these  therefore  in  the  same  group  with  (>.  prlsfis, 
the  subdivision  indicated  would  have  less  value  for  the  purposes  of  study; 
but  I  believe  these  'atter  forms  maybe  separated  on  other  grounds,  as  will 
b(!  shown  farther  l.i;  so  that  with  our  present  knowledge  Ave  may  still 
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*  Til  tiic  gc'iicia  jii'iipotivil  liy  niyscll',  I  liiivo  oliospu  tlio  toriiiiii.'ition  irraplus  instccid  of 
graput;  .since  iliu  hitler  lurmiiiulinn  is  lu  iisu  in  the  noinciiclatiire  of  cruituceii. 

t  The  siilHlivisioii  iiftiii.--  spL'cie.s  bi'voml  tlio  first  Inl'iirciitiou,  rciircsciitcd  in  liio  Palio- 
onUilii^ry  of  X"\v  Vi.ik,  vul.  i,  |>1.  Ixxiii,  fijr.  3,  is  crruneous  ;  tlio  siiecimen  consists 
of  two  iiidividiuils,  llie  l)ii:3U  of  uiio  ijcluij  [diicu'd  diiuctly  in  llie  uxil  of  tlic  oilier. 
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recognize  D!jirion,=  Biplor/rapfiis,  as  a  Avell-markcd  and  clearly-defined 
suh-generic  group  of  the  Grajitolithus  proper,  having  such  forms  as 
G.  /irtxti-i  among  tlie  typical  species. 

^Ir.  (leinitz  has  more  recently  proposed  tlie  name  Ilonof^raptnf^  to 
include  3Iohopt'ion  and  liaf^trUes  of  Barriinde  ;  placing  under  this  genus, 
a^•  his  typical  species,  G.  sa(/ittarius  of  Hisinger,  which  is  the  typical  form 
of  Gr(f,)foI(tIinH  of  Linnicus. 

[I'he  genus  CJadoijraptus*  is  also  proposed  by  Mr.  Gcinitz,  to  include 
the  species  G.  ramosiis  and  G.  Jhrcatus,  Hall,  G.  3IurcJu.wtii,  ]5eck, 
G.  scrra,  Brong.,  G.  Forclthammcri,  Gcinitz,  and  G.  sextans  and  G,  serra- 
tiihis,  Hall.  At  the  same  time  the  T>riti-,'h  paheontologists,  adopting  the 
name  JJiJi/inoi/rajitits,  McCoy,  place  \u\der  that  genus  G.  3I)irchiyoni, 
Beck,  (r.  oaditceus,  Salter,  G.  serf  cms,  Hall,  G.  ffemijtiiK,  Hisinger, 
G,  hirnndo,  Salter,  and  other  similar  forms.  Those  -which  are  made  the 
typical  forms  of  the  genus  by  Gcinitz  are  the  "  species  [ieincV<e  "  of 
Bi'onn,  who  included  under  that  term  the  G.  gcminns,  Hisinger,  and 
G.  Miir<:lusi)nL  Bock,  which  arc  by  no  means  nearly  related  to  G.  rauvnus 
or  G.fnreatus,  The  first-named  two  species,  which  were  the  earliest 
known  of  that  character,  and  regarded  as  the  typical  forms  of  Didi/mo- 
(/)•(! [it IIS,  are  similar  to  G.  bljjdus  and  (r.  e.rtenuatiis  of  this  memoir, 
which  diifer  from  the  other  species  on  plates  i,  ii,  and  iii,  only  in  the 
lesser  divergence  of  the  stipes. 

Very  recently  Mr.  Salter  has  proposed  a  further  subdivision  of  the 
graptiilites  inider  the  name  Tc(ra(jrajjtus,  "  a  kind  of  double  Didi/mo'/rdp- 
^«x,"  of  which  (r.  hn/oiioides  is  made  the  typical  species:  and  G.  (juul- 
rlbraclilatas  is  referred  to  the  same  genus.  He  also  proiioses  iJicItoi/rdp- 
tus  for  those  having  the  "  fronds  repeatedly  dichotomous  from  a  short 
basal  scipe  into  eight,  sixteen,  twenty-four,  or  more  branches,  each  with 
a  single  row  of  cells."  "  But  the  main  character  -which  distinguishes 
D.'i'/i'i'/rdiitus  is  the  presence  of  a  corneous  plate  f  which  envelojtes 
all  the  lower  part  of  the  branches,  and  which  is  not  known  in  any  otlier 
gen\is  of  tlie  group  ;  it  has  not  indeed  been  seen  in  more  than  two  or 
tluve  species  of  Dichoijraptus,  but  it  may  not  in  all  cases  have  been  pre- 
served."J 

These  subdivisions  may  be  of  some  value  when  the  entire  frond  and  all 
its  appendages  a'-e  preserved,  but  uutbrtunately  this  is  rarely  so  ;  and 
when  we  have  but  fragments  of  the  sti^tes  or  branches,  there  is  no  force 


•  Cladockai'si-?,  Gcinitz.  Ryn.  Cniiitolillitin  nnrlorum  ;  species  i>'p»u//(P,  Bi'oiin.  (i^ie 
Vei'.-iteiiKruutjeu  def  (ii-iuiwiielven  formiilion  in  Siu'lisen,  etc.  Heft.  1,  (Jiiii)lulitliiii,  p.  'J!).) 
JIo.sociUArsus,  id.,  ibid.,  p.  42.  Syn,  Moiwjtrion  et  UastritcSj  IJnrriuuU' ;  Griijitolilhus, 
Sucss. 

t  Fii-st  discovered  in  tlio  gniptolites  of  tlie  (Juebec  group  iit  Point  Levis. 

t  (.iuarleily  Jouruivl  of  tlie  Geological  Society,  vol.  xix.  p.  13G. 
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or  value  in  the  application  of  those  terms :  \yc  are  thus  rcdncocl  to  the 
necessity  of  adopting  the  old  term  Graptolithus.  A,i;-ain,  the  value  of 
Dklijmo^iraptus  I  conceive  to  l)e  pretty  well  illustrated  in  the  case  of 
G.  cadticciis,  the  original  of -which  is  cited  from  Lauzon,  Canada.*  After 
studying  the  large  collections  of  grajitolites  made  by  the  Canadian  Geo- 
logical Survey,  I  am  compelled  to  believe  that  the  G.  caJurens  was 
founded  upon  such  forms  as  I  have  represented  on  plate  xvi,  figs.  22,  23, 
and  24  ;  for  we  have  no  two-stiped  sjiecics  or  forms  o^'-'' iJidijmograj^tus^^ 
with  a  pedicle  or  radicle  so  htiig  as  that  represented  in  the  figures  of 
Mr.  Salter,  nor  any  one  so  abruptly  recurved ;  and  I  regard  the  apparent 
radicle  in  the  two  examples  figured  as  simply  one  of  the  four  stipes 
iml)edded  in  the  shale,  and  exhibiting  its  non-celluliferous  margin  and  a 
small  portion  of  its  width,  as  I  have  shown  in  the  figures  cited. 

()ther  varieties  of  this  form  show  only  the  two  simple  stipes,  with  a 
slight  process  in  the  centre.  We  have  therefoi-e  a  "  2V/;y////y(/^<»s  "  in  a 
condition  undistinguishable  from  a  '■'■  Dulijmo(jraptHH''''',  and  the  same  may 
ha}ipen  in  G.  bn/onoidcs,  as  shown  in  i)late  iv,  fig.  5,  where  the  ([uadri- 
partitc  stipe  is  separated  into  tM'o  ;  and  in  the  sejiarated  stipes  it  is  impos- 
sible to  know  if  there  have  been  two,  fo\ir,  or  eight  in  the  entire  indi- 
•  idual.  With  regard  to  those  fronds  which  are  repeatedly  dichotomous, 
forming  the  genus  Lu-houraptm,  of  which  the  distinguishing  character  is 
the  central  "  corneous  plate  which  eavelopes  all  the  lower  part  of  the 
branches,"'  we  may  remark,  that  we  have  three  or  four  species  of  the 
four-stiped  form, or  "  Tdragraptm''''  with  the  central  corneous  plate  ;  while 
we  have  four  species  which  are  not  known  to  possess  it.  Of  the  two 
eight-stiped  species  known,  one  has  the  central  corneous  plate  or  disc, 
and  the  other  was  probaldy  destitute  of  such  an  appendage.  In 
G.  LogiDiiy  with  its  numerous  simple  sti^ies,  tlie  central  corneous  plate 
is  usually  present,  though  not  in  all  examples;  while  G.  iiiultlfasciatns, 
witli  miu'c  numerous  simple  stipes  tlian  G.  Lui/aiti,  is  not  known  to 
have  a  central  corneous  disc,  and,  from  its  mode  of  growth,  prol)ably 
never  possessed  such  an  appendage.  From  the  irregularity  of  growth  in 
the  G.  abxonnis,  I  infer  that  there  was  no  central  jilate. 

In  all  the  properly-branching  species  wlierc  tlie  initial  point  is  known, 
as  in  G.  Jlcvilk,  G.  rljkhts,  and  G .  JJilesi,  no  such  central  plate  has 
ever  been  seen  ;  nor  has  it  been  shown  in  any  Eurojiean  species,  so  far  as 
I  know.  The  freciuently-bifurcating  stipes,  similar  to  the  one  originally 
proposed  by  Mr.  Salter  f  as  the  type  oi  iJichuunqitas,  arc  not  known  to 
possess  the  central  corneous  disc, 

Although  entirely  willing  to  accept  and  adopt  such  subdivisions  of  tho 
graptolites    as    will    .lid   in    determining    their  zoological   character  and 
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•  Graiilulilhun  caduceus,  Suiter;  Quarterly  Journivl  of  the  Geol.  Society,  vol.  is. 
t  Ueologist,  vol.  iv,  p.  74,  18U1. 
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rchUions,  their  geological  value,  or  indications  of  difterenccs  in  mode  of 
development,  I  do  not  appreciate  at  the  present  time  the  ibreo  and  value 
of  the  proposed  generic  subdivisions  for  the  two,  foui-,  and  cight-stiped 
species,  or  the  presence  or  aLsenco  of  a  central  correous  disc  as  indicating 
generic  distinctions ;  since  it  is  impossible  to  obtain  any  aid  from  such 
designations  for  the  references  of  the  numerous  fragments  Avhich  are  the 
ordinary  form  and  condition  in  which  we  find  the  graptolites,  and  in  which 
they  must  generally  be  studied. 

The  form,  modo  of  growth,  and  arrangement  of  cellules  in  all  these 
several  proposed  genera,  are  so  identical  in  iilan  as  to  afford  no  means  for 
generic  separation  ;  and  although  the  same  is  true  of  the  properly-ramose 
forms,  vet  I  conceive  it  might  have  been  convenient  to  adopt  a  term 
(^DicJi'H/raptus  or  C huh  ff  rapt  US')  indicating  the  ramose  character  of  the 
stipes,  regarding  as  true  branches  only  the  subdivisions  Avliich  take  phce 
after  the  commencement  of  the  cellules. 

The  genus  Nercoijraptm*  of  (Jeinitz,  proposed  by  that  author  to  include 
such  forms  as  Ncreltes^  MijrlanUcs,  and  Xeinertitcn  of  Murchison,  and 
Nt'mapodia  of  Emmons,  etc.,  can  scarcely  be  admitted  into  the  family  of 
Graptolitida),  since  all  the  American  species  referred  to  the  first  three 
named  genera  liave  no  texture  or  structure  like  graj»tolitos,  and  (^as  I 
have  elsewhere  shown)  appear  to  be  referable  to  the  tracks  or  trails  of 
some  marine  worms  or  other  animals  upon  the  sea-bott(mi ;  while  Scimir 
podia  is  simply  the  trail  of  an  existing  slug  ui)on  the  slightly  lichen-covered 
surfaces  of  the  slates.f 

The  genus  Glossof/raptus  of  Emmons  is  founded  upon  a  species  of 
Diplorjraptus  Avitli  ciliate  a])p  Mulages  ui  the  cell-margins  ;  and  no  char- 
acters are  given  to  show  its  generic  distinction.  The  typical  species 
of  Kcmar/raptiis  (A^.  elcf/ans')  is  apparently  a  i)art  of  an  individual  of 
GraptoUtliuM  (/racills,  or  of  some  similar  species ;  while  the  relations  of 
the  second  species  of  the  genus  (A^.  capiJIariii'),  an  elongate,  flexuous, 
filiform  body  with  a  few  branches  at  irregular  intervals,  can  scarcely  be 
determined  from  the  figure  given. 

The  typical  and  only  species  of  Staurograptus  %  of  the  same  author  is 
a  very  i-emarkablc  form  of  extremely  minute  proportions.  Its  mode  of 
growth  and  subdivision  of  stipes,  if  accurately  represented  in  the  figure, 
are  unlike  anything  known  among  this  family  of  fossils,  and  it  merits 
generic  distinction. 

•  Ncrcos;i(ii}sn.i:  Die  Vorsteiii.  Griiinvat'keii  fonnatioii,  etc.,  {Jriiptolitlicii,  (i.  27. 

t  TIkso  iiKirlviiigs  can  be  easily  reiiiovoil  IVoin  llio  sm'facooftlio  liimitin^  hy  \va,~liiii<i\vitli 
wnlt'i' ;  and  tliuy  can  be  traced  over  the  exi)o.sed  siu'l'aces  of  ihc  edges  of  the  suiee.-sive 
lamina'.  , 

f  ('.'/oswjrni/isMs,  Slauruerajisus,  Ncmagrapsus:  Emmons,  American  Geology,  jiart  ii, 
pftges  108  and  109. 
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The  term  Dlphf/rnptun  is  properly  applied  to  such  forms  as  (IrrqitoU- 
thif!  prhtin,  lli.siiit:;er,  Cr,  jw/»H'?<.s,  Barrande  (cxceptin;^  figs.  5  and  6), 
G.fd/i'Krus,  Miircliisoii,  and  G.  j^rixtlnlfonniti  of  this  memoir;  ■,.here  the 
cellules  are  disposed  in  parallel  ranges  on  the  two  sides  of  the  centril 
axi.^,  and  arc  of  the  same  or  similar  form  and  arrangement  with  those  of 
mouoprionidian  form  (r.  mijiftarlm,  and  with  others  of  that  type,  in  Avhich 
wo  include  all  the  species  of  the  first  nine  plates  of  this  memoir  :  the  reason 
for  the  proposed  separation  being  in  the  double  range  of  cellules  only. 

In  tlie  ordinary  forms  of  JJi/iUu/rajititx  (plate  xiii,  figs,  l;*)-!?),  as  in  the 
ordinary  mouoprionidian  types,  the  cellules  are  usually  closely  arranged, 
o,ud  overlapping  each  other  for  a  jiart  of  their  length.  In  a  single  species 
(^G.  jiiitilliis,  from  the  Iludsan  River  formation  in  Iowa),  which  has 
come  luider  my  observation  in  some  well-preserved  fragments,  wo  have 
so  far  a  modification  of  the  general  arrangement  of  the  cellules  that 
the  apex  of  one  barely  reaches  the  base  of  the  next  succeeding.  The 
stipe  is  a  strong  elliptical  tube  with  a  flattened  central  solid  axis,  the 
line  of  which  is  marked  on  the  exterior  by  a  longitudinal  undidating 
groove  (fig.  10,  ]].  A").  The  aarfice  is  strongly  striated  transversely, 
and  the  sides  stmlded  with  tubular  cellules,  which  are  alternately  ;irr;r.iged. 
These  cellules  arc  sub-oval,  flattened  on  the  side  adjoining  tlie  body 
of  the  graptolite,  curving  on  the  exterior  free  portion,  and  obrnjuely  flat- 
tened at  the  base  just  above  the  a[ierturc  of  the  cellule  next  lielow,  as 
shown  in  the  profile  view  (fig.  11,  jilate  A}.  The  exterior  test  of  the 
commou  body  is  sv.'ollen  in  obfupie  midulations  in  the  direction  of  the  base 
of  the  cellules,  or  where  the  individiial  l)uds  take  their  origin  ;  ;ind  the 
axis  is  curved  towards  the  (/pposite  side,  as  shown  in  fig.  10,  plate  A. 

Tlic  transverse  diameter  of  the  stipe  is  about  two-thirds  as  great  as  the 
longer  diameter.  The  celluliferous  face  of  the  stipe  shows  broad  elliptical 
depressions;  the  lower  side,  for  little  more  than  half  the  height,  being  the  sub- 
oval  eell-aperture  ;  while  the  upper  part  is  the  semi-oval  llattened  area  at 
the  base  of  the  next  succeeding  cellule,  as  shown  in  fig.  11,  plate  A.  In 
this  ease  the  cellules  are  shown  to  be  separate  and  distinct  tubes,  closely 
pressed  against  the  lateral  walls  of  the  stipe  on  one  side,  and  coiuniunica- 
ting  with  the  common  canal  by  a  slightly  narrowed  jiassage,  as  sliown  in 
figure  12,  jilate  A,  which  represents  a  longitudinal  section  of  the  body. 
In  a  ti;insverse  direction  the  base  of  the  cellule  is  wider  than  the  aperture 
(fig.  11,11.  A). 

Specimens  of  this  character,  on  l)Ccoming  flattened,  would  present  a  form 
where  the  cellules,  though  inclined  against  the  connnon  body,  would  not 
overlap  each  other,  and  where  the  margin  of  tho  cellule  is  directed 
backward  instead  of  forward.  Were  these  cellules  to  be  jirolonged.  they 
would  overlap  the  nexc  in  advance,  presentuig  in  this  condition  but  a  slight 
modilieatiou  of  the  usual  forms  of  Diphfpaptm.     These  deviations  from 
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typical  forms  arc  so  slight  as  to  offer  no  sufficient  ground  for  generic 
separation. 

There  are  however  a  few  examples,  wh("  the  stipe  is  marked  l>y  a 
range  of  cclhiles  upon  each  side  of  the  central  axis,  which  appear  to  bo 
proiter^'.'  separated  from  Dlphxjraptm,  on  accoimtof  the  form  and  struetiu'e 
of  tlie  ei  Ihilcs.  These  arc  apparently  (piite  unlike  those  of  (r.  pn'xlis,  and 
otliers  of  that  sub-genus.  The  Grii/if'ilithns  Lkvrnin,  and  two  oi  three 
allied  forms,  when  Hattened  in  the  shale,  show,  as  already  described,  a 
simple  semi-elliptical  notch  in  the  margin  of  the  stipe,  nearly  rectangular 
to  the  axis.  This  is  well  shown  in  fig.  8,  plate  vi,  of  M.  Barrando'3 
memoir,  and  also  in  Mr.  Salter's  illustrations  of  G rapfoUOnis  tcrrh'iisi-i'Jua 
of  llisiuger.*  It  is  represented,  less  perfectly,  in  the  figures  of  I'rof. 
Ilarlaiess,!  and  in  most  of  my  own  figures  on  plate  Ixxiii  of  the  first 
volume  of  the  Pahcontology  of  New-York.  When  compressed  rectangularly 
to  the  cellules,  the  apertiues  arc  transversely  oblong-oval  ;  and  the  same 
form  is  shown  when  looking  u])on  the  celluliferous  margin  of  an  uncom- 
pressed stipe. 

The  structure  of  these  stipes  and  their  cellules  has  already  been 
described  in  a  preceding  section,  with  reference  to  the  figures  illustrating 
the  same.  The  (r.  hicornis,  kno,  n  in  Xew-York  and  Canada,  may  be 
considered  the  ty]ic  of  a  group  of  species  of  which  we  have  two  in  the 
shales  of  Norman's  Kill  near  Albany,  one  in  Ohio,  and  a  similar  or  identical 
form  in  the  Utica  slate  at  Collingwood  in  Canada  West.  I  woidd  include 
in  the  same  group  figs.  5  and  G  of  plate  iii,  as  well  as  figs.  7,  8,  and  15, 
plate  ii  of  M.  Jjarrande's  ^Memoir  ;  Gr(j/ifoUlhu>^  tt'>'cfiiiseuh(fi  of  llisinger; 
and  those  referred  to  the  same  species  by  Salter.^  The  Diplhivtijit'is 
rcct<nit/ul(tris  of  McCoy  ||  is  of  the  same  type,  as  also  figs.  1,  5,  10, 
11,  12,  etc.,  tab.  ii,  of  Geinitz  (^Grajitolitheu')  ;  and  I  conceive  that 
many,  if  not  all  of  the  scalariform  specimens,  belong  to  species  of  this 
character. 

Tlie  G raptoUtlnis  ramosus  has  usually  been  arranged  l)y  authors  under 
Di/'l'il/raiitns ;  the  lower  part  of  the  stipe  having  a  double  range  of 
cellules,  while  it  is  bifurcated  above,  with  the  cellules  on  the  outer  margin 
of  each  division,  as  already  described ;  and  a  simple  explanation  of  this 
condition  has  been  oifered  by  su[)[)osing  that  the  solid  axis  has  ])een 
separatcnl  after  the  death  of  the  zoophyte.  This  however  Avill  scarcely 
alf  ird  a  satislactory  argument  when  we  find  that  all  the  specimens  are  in 
the  same  condition  ;  that  usually  the  division  begins  at  a  uniform  distance 
from  tlie  I»ase  ;  and  that,  when  entire,  the  divided  portion  much  exceeds  the 

•  Qiiiirtorly  Journal  of  tlin  fleol.  Society  of  London,  vol.  viii,  pi.  xxi,  figs.  3  ami  4. 

t  M.  Ibid.,  vol.  vii,  111.  i,  (ig.  11. 

t  Qiiartoi'ly  Joiiriuil  ofllif  Gt'olofrical  Society,  vol.  viii,  pi.  xxi. 

II  Biitisli  I'uhuo/.oic  Fossils,  page  8,  pi.  xiii,  ligs.  8,  9,  and  10. 
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simple  undivulod  part  of  the  stipe.  Moreover,  tlio  species  is  rccoo-nizecl 
in  this  condition  in  tlic  Hudson  River  formation  in  Canada,  and  lias  like- 
wise l»oen  rccopiized  in  Groat  Britain  ;  -while  a  similar  or  identical  form 
has  been  shown  hy  Prof.  McCoy  to  occur  in  Australia.  We  nnist  there- 
fore seek  some  other  than  an  accidental  cause  for  the  explanation  of  this 
uniform  bifurcation  of  the  st"})e3  of  that  species.  In  the  meantime,  it 
apjK'ars  to  me  higldy  proper  to  suggest  its  separation  from  J)ijilo(/r<(jitHS. 

On  farther  comparison,  we  shall  find  that  Lr.  ramosus  is  not  rpiite  alone 
in  its  peculiar  characters.  In  G.  fiiriuitns  there  are  a  few  cellules  at  the 
base  of  a  simple  stipe  below  its  bifurcation  ;  and  in  G.  sextans,  the  lower 
part  of  the  stijie  is  simple,  the  division  taking  place  above  the  first  cellule  ; 
but  in  entire  individuals  the  division  is  never  from  the  initial  point,  as  wc 
see  it  in  G.  llfiilus  and  G.  nlt'uhis  of  this  memoir. 

Now  these  first-named  species,  as  Avell  as  G.  ramosus,  \\Vi\G  cellules  of  a 
peculiar  form  ;  and  looking  still  farther,  we  find  a  similar  form  of  cellule  in 
G.  Forrlihaiiwicri,  Geinitz,  and  G.  dlraricatus,  Ilall,  two  species  which  are 
divided  from  the  base,  having  a  single  range  of  cellules  upon  the  outer 
sides  of  the  stipe.  I  believe  it  will  be  found,  moreover,  that  all  the 
graplolltes  w'th  cellules  on  the  lower  side  of  the  stipes  (in  reference  to 
the  initial  point  or  radicle)  have  these  parts  of  the  same  form  as  G.  rainosus, 
and  very  unlike  the  G.  jjristis  and  allied  species.  Nor  arc  the  cellules 
on  the  simple  or  divided  portions  of  the  same  stipe,  or  on  those  which  arc 
entirelydividedandup>mthelower  side,  at  all  like  tlie  cellules  of  G.  iirioJon, 
G.  (jr/niniis,  G.  JlarcMsoiii,  or  any  of  the  allied  forms  illustrated  in  this 
memoir,  to  which  the  term  Didi/nio(/ra]>(us  has  been  applied  ;  nor  can  they 
be  ))roperly  united  with  them.  The  form  of  the  cellules  is  always  suffi- 
ciently distinctive  even  in  fragments  of  the  stipes  ;  and  this  feature,  together 
with  the  mode  of  development  or  growth,  seems  to  me  sufficient  to  sustam  a 
generic  distinction. 

The  genus  lietioUtcs  is  described  by  M.  Barrande  as  having  no  central 
solid  axis,  but  with  a  single  internal  canal  occupying  the  median  portion 
of  the  polyp.  The  prevailing  form  of  the  stipe  is  somewhat  concavo- 
convey,  with  the  centre  of  the  concave  side  prominent ;  the  entire  surface 
is  covered  liy  a  net-work  of  corneous  substance,  and  the  cell-apertures 
are  cpiadrangular. 

Prof.  Geinitz  has  given  some  further  illustrations,  showing  more  em- 
phatically a  longitudinal  axis  on  the  convex  side,  to  which  are  joined  the 
cell-partitions  ;  while  he  regards  the  common  body  as  occupying  the 
prominent  central  portion  of  the  concave  face  of  the  stipe,  and  shows 
the  cell-partitions  terminating  before  reaching  the  centre,  leaving  a  space 
occupied  by  the  width  of  the  common  body.  This  he  represents  as  covered 
by  a  net-work  of  slightly  different  texture  from  that  of  the  other  portions 
of  the  substance. 
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The  Canadian  spccimtng  wliich  I  have  referred  to  this  p;cnus  are  so 
extremely  uttenuated  that  it  h  inipossihle  to  determiuo  the  details  of 
atruetiire,  and  the  surtace-charaeters  are  olisonrc.  Thus  far  we  have 
110  Aiuenean  specimens  in  a  condition  to  afford  the  moans  of  elucidating 
some  oliscuritics  which  seem  to  me  still  to  exist  in  regard  to  the  intimate 
structure  of  this  genus.  The  species  of  the  Clinton  formation  is  extremely 
compressed  ;  and  while  some  specimens  show  the  cell-divisions  terminuting 
at  a  distance  from  the  centre,  yet,  after  })rotracted  and  repeated  exami- 
nations, my  most  critical  observations  result  in  showing  only  the  struc- 
ture which  is  illustrated  on  plate  B,  figs.  20  and  21. 

On  one  side  we  have  an  external,  cylindrical,  solid  axis,  to  which  the 
cell-divisions  are  joined  ;  hut  tl-eso  latter  show  only  fdiform  cylindroid 
processes,  extending  from  the  axis  to  the  coil-margin,  and  prnjeeting  a 
little  licyond  the  margin  of  the  stipe.  The  only  other  aspect  which  we 
observe  in  this  species  is  that  of  an  undulating  or  zigzag  fdiform  axis  on 
the  opiiosite  aide,  to  which  the  cell-imrtitions  are  joined,  as  in  tig.  21, 
plate  ]}.  We  know  this  to  be  on  the  opposite  side  or  within  the  stipe,  as 
it  is  sometimes  seen  overlying  the  straight  axis  and  cell-partitions. 

At  the  junction  of  the  cell-divisions  with  the  zigzag  axis  there  are  other 
processes  of  similar  c  aracter,  projecting  upward  and  outward  from  the 
axis,  all  of  nearly  eipial  length,  but  apparently  broken  at  their  extremi- 
ties. I  have  not  been  able  to  determine  any  connection  between  these 
and  other  parts  of  the  skeleton,  but  we  have  the  two  structures  very 
clearly  represented  in  the  figures  referred  to.  I  have  supposed  that 
similar  processes  may  have  extended  to  the  opposite  side,  from  the  junc- 
tion of  the  cell-partitions  with  this  undulating  axis,  cither  jdining  the 
cell-divisions  or  the  straight  axis ;  but  after  long  investigation  I  have  Ijcen 
unable  to  find  satisfactory  evidence  of  such  coimcction.  The  cell-apertures 
are  surrounded  by  thickened  margins,  and  the  only  appearances  of  cell- 
partitions  arc  the  sub-external  cylindrical  extensions  from  the  aperture  to 
the  axis.  Neither  the  si)eeies  of  the  (Quebec  group  nor  that  of  the  Clinton 
formiuion,  in  any  of  the  si)eeimens  seen,  are  in  a  condition  to  show 
evidence  of  the  concavo-convex  character  of  the  stipe  represented  by 
M.  Jjurrande  and  Prof.  Geinitz. 

The  species  of  Itetioijraptas,  while  having  some  characters  in  common 
with  Iieflolites,  do  not  possess  the  reticulated  structure  of  the  test  in  either 
of  the  described  species.  There  yet  remains  some  obscurity  in  regard 
to  the  internal  structure  of  this  genus,  which  can  only  be  satisfactorily 
explained  by  the  examination  of  better-  "oserved  specimens.  Neverthe- 
less, in  its  general  form,  structure,  and  mode  of  growth,  it  is  shown  to  be 
quite  distinct  from  other  graptolitic  genera.  The  three  species  referred 
to  this  genus  present  differences  which  can  only  be  reconciled  by  supposing 
that  the  two  sides  of  the  stipe  are  very  unlike  each  other  in  form  and 
CKticrnal  characters,  as  in  lletiulites. 
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The  species  f))r  wlilcli  I  have  proposed  tlic  ;j;enns  Phi/Ih\r/raphi8,  pre- 
sent close  aiial(i;i"u'8  witli  the  typical  Fonn  of  /h'j)/i>(/r(ii<ti(s  in  the  elianicter 
of  test  and  form  of  cclhilcs.  These,  in  their  aperture  and  form,  are  nearly 
quadran,i:;ular ;  and  the  cell-partitions  are  ap[iarently  continuous  hctwcen 
tlio  cellules,  and  reach  nearly  to  the  central  axis  ;  characters  Avhieh  we  find 
ill  /h'li/oi/riiptiiH,  These  forms,  in  their  j^reat  lateral  extension,  depart 
widely  from  their  analogues  ;  hut  they  dilVer  more  essentially  in  their 
crucifitrin  mode  of  ;^ro\vth,  presentin;^  an  arriUi;^ement  of  parts,  as  if  four 
simple  stipes  (like  those  of  G.  bri/onoiilen  or  (J.  /iii/xl>//iy  Avere  joined 
to;^ether  hy  the  coalescing  of  the  s<^lid  axes.  In  this  latter  respect,  and 
in  their  ^reat  develo[iment  in  width,  they  dilVcr  most  essentially  from 
all  the  other  genera  of  this  family  of  fossils.  These  forms  are  fully 
illustrated  on  plates  xv  and  xvi  of  this  memoir. 

In  the  typical  species  of  /Jt'nJroijraptus,  as  illustrated  under  the  generic 
description,  and  in  some  of  the  species  on  plate  xvii,  we  have  a  wide 
departure  from  the  typical  forms  of  (irapiJioUthun,  as  developed  in  the 
characteristic  species  of  the  genus  (plates  i-ix).  The  strong  stem  or 
trunk,  which  is  frc3  from  cellules,  and  whicli  has  apparently  been  lixed 
at  the  hase  ;  the  irregular  hranching,  which  has  no  bilateral,  and  aiiparently 
no  definite  arrangement,  such  as  observed  in  all  the  forms  of  true  Urap. 
toUthns,  are  strong  points  of  dissimilarity,  and  furnish  characters  for 
generic  distinction.  The  stem  and  branches  are  une(pially  striated  iDiigi- 
tudinallv,  but  the  form  of  the  celluliferous  branches  and  of  the  cellvdes 
offers  no  important  difference  (excejjt  in  the  smaller  dimensions)  from 
those  of  the  stipes  or  branches  of  the  usual  form  of  grajitolites  with  a 
single  series  of  cellules.  In  one  species  referred  to  this  genus  (the 
I).  (irdi'HiH)  there  is  some  departure  from  the  typical  form  of  cellules, 
and  the  body  of  the  stijjc  is  contracted  at  intervals,  while  the  fi'i'ui  of 
cellule  and  cell-aperture  is  not  unlike  some  of  the  Sertulariaiis. 

The  genus  Callor/niptm  offers  forms  which  are  intermediate  between 
true  ThndmyniptHs  and  f)ictj/<iiu')na.  In  these  spu'cies,  the  forms  of  the 
cellules  have  not  been  fully  determin''d.  Th'.-y  are  marked  in  one  species 
by  slight  oval  j)ustules,  or  oval  depressions,  vipon  the  extremely  compressed 
surface  of  the  stipe ;  but  it  cannot  be  >.  -i>f-ict«irily  shown  that  this  ajrjiear- 
ance  indicates  the  normal  condition  ^>f  the  wllule  or  the  aperture,  if  the 
true  forn;  be  in  reality  so  far  different  from  the  usual  character  of  the 
Graptolitidie  as  these  appearances  indicate,  it  may  bv  found  necessary  to 
separate  them  from  this  family. 

The  genus  iJlrtijoneiiid  is  restricted  to  such  forms  as  have  the  numerous 
stipes  and  branches  connected  by  a  transverse  process,  and  the  wholo 
united  in  a  fiabelliform  or  funnel-shaped  frond,  without  elongate  stem  or 
trunk.  The  stipes  and  branch  -  are  irregularly  striated  externally,  eon- 
sisthig  of  a  corneous  envelope,  as  in  ordinary  graptolites ;  but  I  have  not 
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liocn  ahlc  to  determine  clearly  the  existence  of  a  solid  axis.  The  celiules 
are  '.niUeated  hy  an-^nlar  processes  or  ctll-dentieles  on  the  inner  aide  of 
the  branches  ;  as  shown  in  fiir.  o  of  plate  ]J. 

In  the  gcnns  Itnxfnh-ii  of  Barrande  the  di.stin;^'nishiiig  features  arc  the 
slender  eylindrieal  stipes  or  hranehes,  with  distant  slender  tnhidar  cellules. 

The  few  species  of  T/iiiiiiii"</raj)tiis  known  consist  of  cylindrical  or  sub- 
cylindrical  stipes,  Avith  slender  elongate  alternating  pinnuhw  or  branchlets. 
No  evidence  of  cellules  has  been  observed  in  any  of  the  specimens. 

The  peculiar  forms  for  which  I  have  jiroposcd  the  name  I*lll"i/r(ipf>fg, 
cotisist  of  branching  steins,  which,  in  all  their  divisions,  are  studded  on 
each  side,  in  alternating  order,  with  narrow  pinnuhu.  These  are  somo- 
times  extremely  slender,  or  even  capillary  in  their  dimensions.  [110110 
8|iccies  I  have  detected  elliptical  spots  upon  i.iie  face  of  the  piuiiuhc, 
which  are  slightly  flattened,  and  I  infer  that  these  are  the  cell-apertures. 
Til'.'  substance  of  the  test  is  corneous,  and  there  is  an  internal  selid  axis. 
Although  I  have  placed  these  forms  under  the  Gr<iptolitid;o  with  some 
hesitation,  the  form  of  cellules  may  perhaps  render  a  separation  desirable  ; 
but  with  only  our  present  information,  such  a  separation  cannot  at  this 
time  be  made. 

The  genus  Inuca'ilis  was  proposed  for  some  flattened  stipes  with  a  scab- 
rous surface,  which  have  the  appearance  of  denticles  upon  the  margins. 
These  stipes  grow  in  close  groups  or  tufts,  and  arc  bifurcating  or  branched 
in  their  upper  portions.  No  positive  evidence  of  cellules  has  been  observed. 
The  in'csence  of  denticles,  together  with  a  corneous  or  ca-"l)onaeeou3  svd> 
stauce,  have  imlueed  me  to  place  tbi    j.- .x.mI    ,iiiong  the  Graptolitidie. 

There  is  still  another  form  ktx>wn,  which  may  be  doubtfully  classed 
among  the  Graptolitidie.  It  c  .usi-ts  of  a  slender  flexible  median  rachis, 
on  each  side  of  which  arc  i>l»tvdw  in  alternating  order,  slender  flattened 
piniiuhe,  -which  are  of  neariy  oi|\ital  width  throughout,  and  are  theiiisrlves 
fiexiious.  Upon  one  side  of  the  racb.is  are  minute  points  or  dots,  which 
liave  apparently  been  the  cell-apertures.  The  test  is  a  black  corneous 
or  carbonaceous  substance,  Init  there  is  no  evidence  of  a  solid  central  axis. 
These  bodies  are  numerous  in  some  shaly  beds  of  the  age  of  the  Trenton 
liiiU'>tone,  at  Plattville,  Wisconsin.  For  these  I  have  proposed  the  name 
of  J>ii/Itoi/raptHs.* 

Associated  with  the  preceding  forms,  there  are  some  stems  of  corneous 
or  cavlionaceous  texture,  freipiently  branched,  the  branches  again  dividing, 
and  sometimes,  if  not  always,  in  whorls;  in  one  of  which  six  divisions 
were  counted.  The  general  form  of  the  body  is  not  unlike  that  of  JJi'th 
drof/rnptn^,  but  the  branches  are  more  slender,  and  ramify  in  a  diillreut 
niauucr,  while  there  are  no  visible  cellules.     Without  farther  knowled"-e, 


*  f>c|u)rt  of  I'rogioss  of  the  Geological  Survey  of  Widconsiu  for  1800,  \).  10;  comnui- 
niculcd  Juuuary  1st,  1801. 
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I  refer  these  fossils, •with  hesitation,  to  the  genus  Oldhamia  (^O.frutlaom^ 
Hall). 

The  variety  of  form  and  mode  of  development  among  the  graptolites 
is  shown,  hy  these  collections  from  the  Quebec  group,  to  be  much  greater 
than  had  ever  before  been  supposed.  The  number  of  species  which  have 
been  traced  to  their  origin,  and  Avhosc  mode  of  growth  has  been  verified, 
is  prol)ably  larger  than  in  all  the  collections  heretofore  made  ;  and,  together 
with  those  before  known,  enables  us  to  give  a  vex-y  full  exposition  of  the 
characters  of  this  family  of  fossils. 

SYNOPSIS   OF   THE   GENERA   OF   GRAPTOLITIDiE. 
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Gkaptolithus,  LiniKBus. 


Species  consisting  of  stipes  or  fronds,  with  a  bilateral  arrangement  of  the  parts  ; 
a  solid  axis,  with  a  common  canal  extending  along  each  scries  of  cellules. 

1.  The  snecessive  buds  developed  in  tubw'ar  cellules, 
which  are  usually  in  contact  for  a  greater  or  less  pro- 
portion of  their  length,  and  inclined  towards  the  axis. 

a.  Cellules  in  single  series  along  one  side  of  a  rcm- 
mon  solid  axis.  Stipes,  two  or  more,  from  a  cor  i- 
raon  origin,  with  or  without  a  central  disc.  Sub- 
genera Monoprion,*  Didrjmo^ntptus,  Monogfaptus, 
Tclra^raplus,  etc. 

b.  Cellules  on  one  side  of  slender  brandies,  which 
are  developed  on  one  or  two  sides  of  a  long  slender 
axis  or  raciiis,  the  free  cxireniitics  of  which  are 
likewise  celluliferous.  Ex.  G.  gracilis  and  G.  diver- 
gent. 

c.  Cellules  developed  in  parallel  arrangement  on  two 
sides  of  a  comiuon  solid  axis.  Stipes  narrow  elon- 
gate.    Sub-genus  Diprion,  ^  Diplograptus. 

d.  Cellules  developed  in  a  cruciform  arrangement  on 
the  four  sides  of  a  common  or  coalescent  axis. 
Stipes  elliptical  or  sub-elliptical. 

2.  Cell-apertures  excavated  in  the  margins  of  the  stipes, 

williout  tubular  or  cup-form  extension  ;  the  cell- 
apertures  upon  one  or  both  sides  of  the  stipe. 
Gra)ilolilhus  biruniis  and  others. 

3.  Solid  axis  eccentric  or  sub-exterior,  with  cellules  de- 

vehipud  in  parallel  ranges  on  opposite  sides  of  the 
sli|ie,  and  in  contact  throughout  their  entire  length. 


PlIYLLOGnAI'TLS,  //((//. 


CLlMACOOnAPTCS,  Hall. 


a.  Known   only  as   separate   stipes,  with   reticulate 


test. 


b.  Occurring   as   simple    stiiies,  and    as    compound 
fronds ;  test  smooth. 


Retiolitks,  Barrntule. 
Rktiooraptus,  Hall. 


•  Should  it  be  lu'ovcd  that  there  exist  siniide  stipes  with  a  single  range  of  cellules, 
tlio  deliuiiioii  (if  this  section  will  require  to  be  modilied,  or  a  new  sub-section  made  to 
iucluJu  such  I'oruis. 
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n. 

Spfcipg  Imvinff  a  common  trunk  or  s^em,  or  growing  in  sessile  groups  of  stipes  frooi 
a  comiuun  origin,  without  distinct  bilateral  arrangement  of  the  parts.  Cellules  in  single 
series  ou  one  siile  of  the  stipes  or  bninulies,  and  arranged  along  a  common  canal  or  axis. 

1.  Branches  free  (i.  e.  not  connected  by  transverse  bars;)  1  ^ 

f  L)f\] 
cclliileg  in  contact  or  closely  arranged.  j 

2.  Bniiiches  unfrequently  and  irregularly  connected   by 
transverse  processes. 


3.  Stipes  and  branches  more  or  less  regularly  united  in  a  ] 


INOnOGKAPTUS,  Ikllt. 

Callograptus,  Hall, 

DiCTYONBMA,  IMl. 


Inocaulis,  Hall. 


reticulate  frond,  without  elongate  stem. 
4.  Stipes  round  or  flattened,  growing  in  groups,  and  bifur- 
cating above;   margins  denticulate;   surface  rough  or 
sciily.     [The  relations  of  tins  genus  are  not  fully  deter- 
mined.] 

III. 
Slender  cylindrical  branches,  with  tubular  cellules  arranged  in  single  (or  in  double  f) 
series.     Cellules  not  in  contact  in  any  part  of  their  length.        Rastiutes,  Barrandc. 

IV. 

Species  having  a  common  axis  or  rachis,  with  slender  lateral  alternating  branchlets. 
Cclhiles  luiknown.  Thamxoouaptus,  Hall. 

V. 
Species  having  a  common  axis,  more  or  less  frequently  bifurcating,  with  pinnulaj 
closely  uiul  alternately  arranged  on  the  opposite  sides;  cell-apertures  on  one  fate  of 
the  iiiniiuhe.  Ptilooraptus,  Hall. 

VI. 
A  simple  flexuous  rachis,  with  slender  flexuous  flattened  pinnulre  arranged  in  alter- 
nating Older  at  close  and  regular  intervals  ou  the  two  sido^.    Cell-aiiortiircs  unknown, 
or  circular.  Cutuoguaptls,  Hall. 

VII. 
Strong  stems,  which  arc  numerouslv  branched.    Branches  and  branchlets  slender, 


m 


w 


arranged  in 


whorls.     Cellules  undetermined. 


Oldhamia  [?J,  Forbes. 


§  VII. — GEOLOGICAL  AND   GEOURAl'UICAL  DISTRIBUTION   OF   THE  GRAPTO- 
LITES   IN   THE   ROCKS    OF    CANADA   AND    THE    L.-TITED    STATES. 

Until  the  remarkable  discovery  of  the  graptolitcs  of  Point  Levis  in 
18.j4,  tlio  chief  repository  of  tliesc  fossils  known  in  American  rocks  was 
in  the  shales  of  the  Hudson  River  valley. 

The  piisition  assigned  to  the  rocks  of  the  Hudson  River  valley  was  the 
superior  part  of  the  lower  division  of  the  Silurian  system.  In  this  respect, 
the  horizon  of  the  Graptolitc  beds  corresponded  with  those  of  Ireland, 
from  Avhich  these  fossils  had  been  described  by  General  Portlock  ;  *  and 
with  the  position  assigned  to  thuse  in  Sweden,  as  ■well  as  with  those  of  the 

*  Geological  Report  on  Londonderry,  etc.,  page  317-32-'. 
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Llandeilo  and  Caradoc  formations  of  Great  Britain.  The  graptolltcs  of 
Bolicuiiii  are  from  strata  referred  by  M.  Barrande  to  the  base  of  the 
superior  division  of  the  Sihirian  system ;  and  those  of  Saxony  vicro 
regarded  as  from  the  same  horizon. 

In  1<S.jO,  M.  Barrande  expressed  the  opinion  that  the  epoch  of  ti;e 
graptolites  was  posterior  to  that  of  the  "  Faunc  Primordialc  "  in  Bohe- 
mia and  Scandinavia  ;  while  their  association  with  primordial  fossils  in 
the  Malvern  Hills  and  at  Snowdon,  indicated  the  earlier  appearance  of 
these  zoophytes  in  Great  Britain.  A  comparison  of  all  the  published 
inforuiution  on  the  subject  at  that  time  induced  M.  Barrande  to  conclude, 
as  a  general  fact,  that  the  graptolites  had  made  their  earliest  appearance 
ill  the  regions  of  the  northwest ;  and  that  their  highest  develoiuneiit  in 
central  Europe  had  only  been  reached  at  a  later  period,  or  at  the  base  of 
tlie  upper  division  of  the  Sihirian  system. 

The  investigations  in  the  Geological  Survey  of  New-York  had  proved 
in  a  pretty  satisfactory  niLinner  that  no  graptolites  i)roper  occurred  above 
the  hiirizMU  of  the  Clinton  group,  though  Didiioacina  (supposed  to  Ijclong 
to  the  same  family)  had  been  found  in  the  Niagara  formation.  The  species 
at  that  time  known  ranged  from  the  higher  strata  of  the  Lower  Silurian, 
to  the  lower  beds  of  the  Upper  Silurian  division;  and  Ix.th  in  Europe  and 
America,  these  fossils  were  regarded  as  of  eminently  Silurian  character, 
and  uuknnwn  in  any  later  geological  periods. 

The  discovery  of  a  graptolitic  species  in  the  Potsdam  sandstone  of  the 
St.  Croix  River  valley,  by  Dr.  H.  A.  Prout,  in  18")0,  was  the  first  indica- 
tion of  the  occurrence  of  this  family  (^f  fossils  at  a  lower  horizon  than  that 
of  the  lliulson  lliver  and  Trenton  formatiims, 

Before  the  discovery  of  graptolites  in  the  shales  of  Point  Levis,  these 
rocks  v.cre  supposed  to  belong  to  the  age  of  the  Hudson  lliver  formation ; 
and  altliough  it  was  shown  that  the  graptolites  were  all  of  ditferent  species 
from  those  previously  described,  yet  tliey  ai^poared  to  offer  only  corrobo- 
rative evidence  in  support  of  the  juvviously  entertained  opinion  regarding 
the  age  of  the  strata.  It  was  only  at  a  later  period,  and  from  the  dis- 
covery of  numerous  other  fossils  in  the  same  formation,  some  of  them 
having  a  primordial  aspect,  that  its  higher  antiipiity  was  suspected. 

The  shales  of  Point  Levis,  with  their  associated  limestones  and  sand- 
stones, since  termed  the  <,>uebec  group,  are  now  regarded  as  embracing 
the  DCiiod  from  the  Calciferous  sandstone  to  the  Chazy  li;ncstone,  inelasive. 
This  tpoch  therefore  is  entirely  anterior  to  tliat  of  the  Hudson  Itiver 
formation,  and  a  carefid  comparison  iif  all  the  species  of  graptolites  has 
shown  that  no  identical  species  occur  in  the  two  series  of  rocks. 

In  the  present  state  of  our  knowledge,  we  recognize  the  Graptolitidaj 
as  b.'giuning  their  existence  at  the  period  of  the  Potsdam  sandstone. 
The  greatest  develoiiment  of  the  family,  both  in  genera  and  species,  is 
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found  to  be  at  the  epoch  of  the  Quebec  group.  Several  genera  and  a 
few  species  are  known  in  the  Trenton  formation ;  and  a  greater  develop- 
ment, embracing  most  of  the  genera  and  many  species,  occurs  at  the 
period  of  the  iludson  River  formation  in  Canada  and  the  United  States. 
In  the  Clinton  strata  we  have  a  single  species  of  Grrdptolithas,  and  a  lietio- 
lites ;  while  Dictyonema  and  InonauUs  occur  in  the  Niagara  beds.  In 
all  the  subseiiucnt  geological  formations  we  have  found  no  true  grai)tolitcs, 
and  the  only  representatives  of  the  family  consist  of  fragments  of  Dicfijo- 
nema,  belonging  to  a  few  species.  These  occur  in  the  Upper  Ileldcrbcrg 
and  Hamilton  formations,  above  which  we  do  not  yet  know  a  species  of 
any  genus  referable  to  this  family  of  fossils.  The  genus  Graptolitlnis 
has  its  upper  limit  in  the  shales  of  the  Clinton  formation,  and  all  others  of 
the  family,  cxcc})t  Dktifovema,  are  restricted  to  the  Silurian  system. 

The  geographical  distriI)ution  of  the  Graptolitidic  is  not  in  all  respects 
coincident  with  the  extent  of  the  geological  formations.  Dendrograptus 
occurs  in  the  Potsdam  sandstone  of  the  St.  Croix  valley ;  but  neither 
this  nor  any  other  graptolite  is  known  in  other  localities  of  the  sand- 
stone, so  far  as  I  am  aware.  The  species  of  the  Quebec  group,  number- 
ing more  than  all  ili  "her  formations  together,  have  been  identified 
for  a  longitudinal  ex!  .  about  UOO  miles  ;  Pohit  Levis,  Orleans  Island, 
St.  Anne's  River  (Gu.i  vy,and  the  wcstornpart  of  Newfoundland,  being  the 
principal  localities.  But  although  the  Quebec  group  is  known  to  extend 
into  Vermont  and  along  the  eastern  counties  of  Xew-York,  I  am  not 
aware  that  graptolites  have  I)een  found  in  any  authentic  localities  of  that 
formation.*  Thus  for,  therefore,  these  fossils  of  the  group  are  known 
only  in  Canada  and  Newfoundland. 

The  Trenton  limestone,  while  furnishing  two  species  of  GraptoUthns  in 
New-York,  gives  at  the  west  no  specimens  of  the  genus  proper  ;  but  wc 
have  one  I>ii'li/(.i)i('ina,  a  BathoijraptuH,  and  an  Oldhamia'i  in  the  same 
formation  in  Wisconsin,  though  not  elsewhere  known. 

The  Utica  slate  at  Utica  abounds  in  the  remains  of  graptolites,  and 
these  fossils  are  of  fretpient  occurrence  at  Oxtungo  Creek,  in  the  valley 
of  the  Mohawk.  It  is  probable  that  some  of  the  loculiti«s  referi-ed  to  the 
Hudson  Uiver  formation,  may  be  in  the  Utica  slate,  which,  owing  to  the 
disturbed  condition  of  the  strata,  is  not  separable  from  the  succeeiling 
slates. 

In  the  Hudson  River  formation,  the  characteristic  graptolites,  of  numerous 
species,  have  been  found,  in  greater  numbers  than  elsewhere,  at  Norman's 
Kill  near  Albany  ;  but  they  occur  at  Stuyvesant's  Landing,  and  at  the 
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•  A  single  Irancliing  form,  the  G.  Milet:i,  lias  been  iiiiblisliod  in  the  Geological  Re- 
port of  Vermont.  The  apecimen  wus  found  in  a  boulder. of  slate,  but  it  is  iirubably  of 
the  Quebec  group. 
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city  of  Tliidson ;  while  some  species  have  been  found  near  Baker's  Falls 
on  the  Hudson  River,  and  at  Balls-ton  and  Sar.itoga,  New- York.  Grap- 
tolitcs  of  species  identical  and  similar  to  those  of  the  Hudson  River  for- 
mation have  been  found  by  Dr.  Emmons  in  the  shales  of  Augusta 
County,  Virginia,  and  also  in  Tennessee. 

The  more  characteristic  species  of  the  formation,  G-.2Jri»tls,  G.  Licornis, 
G.  rainosus,  G.  sextan  G.  dioaricatiis,  and  G.  gracilis,  have  been 
recognized  among  the  cc  .octions  of  the  Canada  Geological  Survey,  from 
the  Hudson  River  formation  in  the  valley  of  the  St.  Lawrence.  In  the 
extension  of  this  formation  westward,  a  few  species  only  have  been  found  in 
central  and  western  New- York  ;  among  these,  G.  pristis  is  the  most  com- 
mon, while  G,  hicornis  Js  more  rarely  seen.  In  Ohio,  we  have  no  more 
than  two  species  from  rocks  of  this  formation  ;  while  extensive  collections 
from  the  same  formation  in  Wisconsin  and  Iowa  have  afforded  only  three 
species  (all  unlike  those  from  Cincinnati),  and  one  of  these  has  been 
found  in  beds  of  the  same  age  in  Illinois.  In  the  catalogue  of  fossils 
appended  to  the  Geological  Report  of  Missouri,  no  mention  is  made  of  the 
occurrence  of  Graptolitidse  in  any  of  tlic  formations. 

The  great  accumulation  of  materials  at  the  epoch  of  the  Hudson  River 
formation  has  been  in  the  direction  from  northeast  to  southwest ;  and  along 
this  line  the  black  and  dark  colored  graptolite  schists,  alternating  with 
coarser  beds,  have  collected  in  much  greater  mass  than  in  any  otiier  part 
of  its  extent.  In  the  northwcstoru  counties  of  New-York,  Jefferson  and 
Oswego,  where  the  rbrmation  has  a  thickness  of  more  than  a  thousand  feet, 
the  graptolites  are  comparatively  few  in  species,  and  not  of  common  occur- 
rence. The  gradual  attenuation  of  the  rocks  of  this  formation  towards 
the  west  is  marked  by  the  extreme  i)aucity  of  graptolitic  forms. 

The  graptolites  of  the  Clinton  strata  have  not,  to  my  knowledge,  been 
found  l)eyond  the  limits  of  western  New-1'^ork  ;  and  both  their  horizontal 
and  vertical  range  is  very  restricted.  The  graptolitic  forms  of  the 
Niagara  tunnation  (^Dictyonema  and  Liocaulis)  are  very  limited  in  their 
geographical  extent. 

The  Dioti/oiiema  of  the  Upper  Holderberg  and  Hamilton  formations  are 
known  to  occur  in  Ncw-Y^trk  and  in  ( )hio ;  and  in  the  northwest  a  species 
has  been  found  in  the  Upper  Holderberg  limestone  on  Mackinac  Island. 

This  distribution  of  the  Graptulitidie,  as  well  as  their  general  association 
with  other  fossils,  together  with  the  nature  of  tlie  sediments,  would  hidi- 
catc  the  proximity  of  the  coast-line  as  their  habitat,  and  as  the  zone  of 
their  greatest  development. 
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Tadi,b  showing  tub  Vertical  DisTniBCTiotj  op  tub  Gknbra  of  the  Family  op 

Oraptolitida:. 
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The  pre-eminence  of  tlio  Quebec  group,  as  the  period  of  the  greatest 
development  in  the  Graptolitidte,  is  shown  in  the  above  table.  Of  the 
fifteen  genera  and  one  sub-genus  here  enumerated,  eleven  are  know:^  in 
this  period  ;  while  four  genera,  viz.,  Phi/Uoi/rajdus,  Dendrographis,  Callo- 
graptus,  and  Ptllor/raptM,  arc  not  at  present  known  in  any  liigher  positicu 
than  the  Quebec  grouf,  though  one  of  them  occurs  in  the  r(.tsdam  Sand- 
stone. All  those  genera  having  the  nearest  relations  with  Graptolithus 
proper  occur  in  this  group,  and  the  species  of  that  genus  found  in  it  arc 
more  numerous  than  in  all  the  subse(]^uent  formations,  so  far  ^h  at  present 
known. 

In  addition  to  circuir.a'cinces  originally  favorable  to  their  development 
and  growth,  the  sul)seiiucnt  cojiditions  presented  during  the  period  of  the 
Quebec  group  in  Canada  seem  to  have  been  equally  favorable  to  the 
preservation  of  graptolites,  and  in  no  other  formation  have  they  been 
found  with  all  their  parts  so  entire. 
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•  Under  this  genus,  in  the  following  table  I  have  introduced  a  sub-genus,  Dbrano- 
graptus. 
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TabLB   BHOWINO  the    GKOLOaiCAL  DlSTRIBUTIOM  OF    THE   SPECIKS   OP   GUAPTOLITID^ 

IN  Canada  and  the  United  States. 
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Genus  Graptolithus,  Linna;us. 
(Sub-genus  Monopuion,  Barrande.) 
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IN  Canada  and  the  United  States.— (Conlinucd.) 
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i  Utica  slate,  Lake  St.  John. 


58 


CANADIAN  FOSSILS. 


M 


I 


M^- 


Tablb  showing  thh  Qbolooioal  Distribctiox  of  thk  Species  or  GnAPTOLiTiDiE 
IN  Canada  and  tub  United  States. — (Continued.) 
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§  VIII. — HISTORICAL  NOTICE*   OF   THE   GENUS   GBAPTOLITIIUS. 

Folia  GUAMiNFt'M Bromel. 

Linmeug,  Walilenberg,  Ucck,  Quen3tedt,  Mur- 

GnAPTOLiTHUS cliison,  Portlock,  De  Verneuil,  Keyserling, 

Miitlicr,  Vnniixem,  Knimons,  Harrnnde,  D'Or- 

Gbaptolites.. b'gnyi    Gciiiilz,  Siiess,    Menoghiiii,   McCoy, 

Uichter,  Suiter,  Nicol,  Harkness,  Hall. 

Priodon Nilsson. 

OiiTnocERATiTES Wiililcnberg,  Schlotheim,  Quoastedt,  Geiuitz. 

LoMATocKBAS IJronn,  Eiolnviild. 

Pnio.NOTCS .Nilsson,  Ilisingcr. 

Fl'coiues Brongniart,  Eaton,  Emmons,  Conrad. 

Ph'TALOLlTItUa SuGSS. 

DiPitio.v  (3ub-geniis)  ..Barrande. 

DiDYMOGiiAPTUS McCoy,  Salter,  and  others. 

DirLooiiAi'Trs McCoy,  Salter,  Harkness,  etc. 

MoNOPRioN  (s.-gen.)  ..Barrande. 

MoNooRAPTua 1       .  .      _ 

Geinitz,  Emmons. 


Cladograptus 

Glossooraptu's 

Nemaguaptds.. 

TKTRAGRAPTUa. 
DiClIOGRAPTUS  . 


Emmons. 
Salter. 


A.  D.  1727.  Tho  graptolitcs  of  Sweden  were  observed  by  Bromel, 
who  regarded  them  as  leaves  of  grasses.  (^Act.  Upsal,') 

173(3.  Liiiniuiis  established  the  genus  GraptoUthus  in  the  first  edition 
of  his  Si/stema  Naturce;  and  some  years  later,  ia  the  twelfth  edition, 
introduced  specific  names,  G.  sealaris  being  tho  type  of  the  genus. 
This  form  has  been  regarded  by  Wahlenbcrg,  Geiuitz,  and  Barrande 
as  the  G.  ■a(/itfAirius,  compressed  in  a  direction  rectangular  to  the 
cellules.  The  G.  sai/ittarius,  Linn.,  is  therefore  regcarded  by  tlie  latter 
author  as  the  veritable  historical  prototype  of  the  genus  GraptoUthus 
and  of  the  family  of  graptolitcs.  For  my  own  part,  I  consider  the 
G.  sealaris,  so  far  as  illustrations  of  that  form  have  come  under  my 
observation,  as  a  distinct  tyi)c  of  the  graptolite  family. 

1821.  Wahlenberg  considered  the  graptolitcs  of  Sweden  as  very  slender 
orthoceratites.  (^Nova  Ada.  Soc.  Seien.  Upsal,  vol.  viii,  pp.  92  and  93.) 

1822.  Scldutheim,  participating  in  the  opinion  of  Wahlenberg,  described 
and  figured  a  species  under  the  name  Orthoceratites  serratus.   {Pdrefak- 

enkuude,  p.  5G,  pi.  viii,  fig.  3.) 


u 


■  ■:h 


nil 


•  From  the  earliest  notice  of  the  genus  Graptolithus  to  the  year  1850,  I  iiave  added 
but  little  to  that  which  has  already  been  published  by  M.  Barrande  in  his  Graptoliles 
of  Bohemia. 
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1828.  Ad.  Bron^niart  doscribcd  two  species  of  graptnlitcs  from  the 
Trausitioi)  fonintion  at  "  Pointe  L(5vi  jjits  Qiiuhec  dans  lo  Canada,"  as 
Fkc'i/'iIch  (Icntiitfis  and  /•'.  scrra*  (^llistuire  ties  Vrjctaux  Fomilea,  pp.  70 
and  71,  jil.  vi,  fi^.  7-12.) 

182!t  [18:]1?].  F.  IIoll  republished  tln^  description  of  0/-^/w6W«<i<<?« 
serrnfus  of  Scldotheim.  (^Ilandlnich  die  Fetrefaden.,  vol.  ii,  p.  2>]-Jr,) 

18 — ?  Prof.  Nilsson  roco^uized  the  ^raptolites  as  l«>lyps  hd-nging 
to  the  ccratdpliydians.  He  proposed  to  suhstitute  the  lU'e-occiipied  name 
of  Prioilnn  lor  that  of  GraptoUtliua.  (_Soo  Dr.  Beak,  in  MurJdHOtC% 
SUiifitni  tSi/stcm,  p.  696.) 

183.').  Prof.  IJronn,  atlopting  the  opinion  of  Prof.  Nilsson  re;^arding 
the  nature  of  graptolitos,  gave  the  name  Lintmiix-craH  (Lcthi'd  (Icoi/nos- 
tioa,  vol.  i,  p.  •")'"),  pi.  i,  fig.  13,  L.  yriodoii),  at  the  same  time  arranging 
the  species  with  the  orthoeeratites,  etc. 

1837.  Llisinger  described  five  species  of  graptolites  from  the  rocks 
of  Sweden,  adopting  the  generic  name  Pfionotus,  created  hy  Prof. 
Nilsson.  Among  these  are  two  species  of  Linn;ens,  P.  8a(/iltiirias  and 
J*,  scalarix  ;  to  whicli  he  added  the  new  species  I^.^riisfin,  I*.f<)//i(iit,  and 
P.  co>u'oh<tu8.  (^LetJi.  ,S)it'ci(i,  p.  113,  pi.  35.)  In  the  second  supple- 
ment to  that  work,  published  in  1840,  two  other  species  arc  added,  under 
the  names  P.  tjennnm  and  P.  tcretitiscidus;  the  latter  being  of  the  type 
of  (r.  i<('i(f<tr!>i.  (Supp.  ii,  p.  T),  pi.  38.) 

1831  •,  Sir  Roderick  Murehison  describf^d  and  figured  in  the  Silurian 
S3'stem  three  species  of  graptolites,  G.  Ludensis,  G.  Marddsoni,  and 
G.fuUacniH.  (^S'd.  /Si/stem,  p.  695.) 

1840.  Prof.  Eichwald  published  a  description  of  Lomatoceran  dhflchis, 
a  gi-aptolite  from  tlie  Silurian  formatinu  of  Esthonia.  (*SV7.  iSi/st.  in 
F\/h(and,  p.  101.) 

1S40.  Prof.  (,)uenstedt  sought  to  re-establish  the  opinion  that  the  grap- 
tolites are  true  orthoeeratites.  (A^.  Jnlirh.f.  Min.,  ]>.  275.) 

1842.  Prof.  Geinitz  described  and  figured  five  species  of  graptolites 
under  the  names  G.  fuliaeeuit,  Murehison,  6i.  j)riodon,  Pronn,  G.  Lu- 
dciistK,  Murehison,  G.  ttcrratus,  Schloth.,  G.  KcidariK,  Linn.,  and  G. 
iij'ii'alifi,  (jeinitz ;  regarding  them  as  belonging  to  the  Cephalopoda. 
(A^.  JaJid.  f.  Min.,  p.  697.) 

1842.  Vanuxem  identified  a  graptolite  of  the  Utica  slate  with  the 
Fac'iidcii  dciifiiftiK  of  Prongniart.  GraptolithnH  dtntatiis,  Vanu.\em, 
G.]»-istis,  Hall,  His.?  (Grol.  Rep.  3J  Dint.  N.  K,  p.  57,  fig.  2.) 

1843.  vlen.  Portlock,  in  Lis  Geological  Report,  discussed  the  nature 
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•  Tlicse  species  iire  iu-oIkiIjIv  iJciitieul  with  those  which  I  hivvc;  heretofore  described 
as  G.  jiriatinifurmu  and  0'.  bryunoulcs. 
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of  the  f,q-aptolitos,  rcco;2;ni//in<,'  tliem  as  true  zoophytes,  and  indicating 
their  anido'gy  with  Sertniaria  iin<l  IMiinndaria.  Ho  sugj^cstcd  tliat  the 
species  may  form  several  genera,  ])olonging  pcrliaps  to  different  onlers. 
The  species  described  and  enumerated  by  this  a\ithor  are  indicated  under 
the  names  G.  iSi'ihjwk-ki,  G.  Jixfan.-^,  G.  tennis,  I'cn-tlock;  G.  ommlutus, 
G.  8(i!/ittanu8,  G.prlstis,  and  G.  folium,  Hisinger;  G.  Hcalam,  Linn., 
G.foiinceus,  Lons.  (Geol.  Rep.  on  Londomierri/,  Tiirom^andFermimaijh, 
pp.  8t7-:?21,  pis.  xix  and  xx.)  The  species  described  by  this  author  as 
Gorgonia,  in-obably  belong  to  Dietyonema. 

184:!.  W.  W.  Mather  and  E.  EmuKms  recognized  Graptolithis  dentatus 
as  characterizing  tlie  Utica  slate.  {Geol.  Hep.  1st  Dist.  JV.  F.,  p.  390, 
and  Geol.  2nd  Dist.  N.  Y.,  p.  279.) 

1843.  J.  llall  descril)ed  Graptolithis  Clintoncnsis ,  from  the  shales  of 
the  Clinton  group  hi  the  Upper  ►Silurian.  (^Geol.  Hep.  4fh  Dist.  N.  Y., 
p.  72,  fig.  12.) 

1S4.").  Sir  11.  I.  Murchison,  De  Verneuil,  and  Count  Keyserling  enu- 
merated O.  sai/ittariiis,  Ilisinger,  and  G.  distichns,  Eiehwald,  as  charac- 
terizing the  Silurian  formations  of  Russia.  (^Geol.  of  linsi>ia  and  the  Ural 
iMts.,  vol.  ii,  p.  yS2.) 

184(5.  Prof.  Gcinitz  repeats  the  opinion  expressed  by  himself  in  1*^-1"'^, 
regarding  the  nature  of  the  graptdiites  ;  and  divides  them  into  two  sec- 
tions, the  straight  and  the  s[)iral  forms.  In  the  first  section  he  de- 
scribes four  species:  1.  G.follaceus,  Murchison,  (with  which  he  identifies 
G.  pri.stis  and  G.  folium,  Jlisinger,  anil  G.  di'ntatits,  Vaniixem)  ;  2.  G. 
■priodon,  Bronn,  (under  which  he  includes  G.  Ludenxia,  Murchison,  and 
G.  tt'retiiiscHlus,  Ilisinger)  ;  3.  G.  sajittarimt  and  G.  scalaris,  Linn, 
(which  he  regards  as  varieties  of  the  same  species),  Fucoides  si'rra,  JJrong., 
and  G.  Miirrhisoni,B(ic\i;  4.  G.  serratus,  Schlut.  (^Gnindriss  der  Ver- 
stain,  p.  'jIO,  pi.  X.) 

184tj.  E.  EmmoiH  published  Fucoides  simph:r  [=:  GraptolitJius  scca- 
linns'],  from  the  roofing-slates  of  Hoosic.  (^Kitural  Hislury  of  Netv- 
York,  A</ric)(ltii7r,  vol.  i,  pi.  xvii,  fig.  1.) 

1847.  J.  Hall  described  and  figured  fifteen  species  of  graptolites, 
mostly  new,  from  the  Lower  Siluriai  strata,  placing  them  among  zoophytes. 
(^Fal.  jS^.  York,  vol.  i,  \i.  20;),  pis.  Ixxii,  Ixxiii,  and  Ixxiv.) 

1848.  Rev.  Prof.  Sedgwick  announced  the  occurrence  of  GraptolitJius 
Sagittarius,  Ilk.,  and  G.  latus,  McCoy,  in  the  Skiddaw  slates.  (^Quarterly 
Jour.  Geol.  Soc.,  vol.  iv,  p.  22?).) 

1848.  J.  W.  Salter  described  G.  folium,,  G.pristis,l\mn'^Gi',  G.pristis, 
var./'///(<c't'u,s',  Portlock,  G.  ramosus.  Hall,  G.  l\enia,  Sowerliy  and  Salter, 
G.  tenuis,  Portlock,  and  G.  se.rtaus,  Hall,  from  the  slates  of  Loch  Ryan, 
etc.  {Quart.  Jour.  Geol.  kS'Jc,  vol.  v,  pp.  16-17.) 

1848.  Prof.  Philips  enumerated  the  G.  Ludensis,  G,  Murchisoni,  and 
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three  otlicr  species  in  the  Bniltli,  Lliindcilo,  and  Ilaverford-wcat  districts. 
(^Meinoirx  of  fhe  Geol.  Survei/,  vol.  ii,  part  1,  p.  :U)8.) 

1849.  James  Niool  cnvuneratod  and  described  (irtiptittUhiin  Griestonensis, 
G.  convohttus,  G.  Ludensis,  and  G.  laxus.  (^Quarterlif  Jour.  Geol.  iS'oc.j 
vol.  vi,  pp.  03  and  ()4.) 

1840,  J.  Hall  stated  the  occurrence  of  twenty  species  of  };raptolitC3 
in  the  Lower  Silurian  rocks ;  two  other  species  having  been  found  in  the 
CHnton  foiiuation.*  (^Prooccdin>/s  of  the  Ainer.  Assoc,  for  the  Admnce- 
ment  of  Science^  1849,  p.  3')!.) 

18 oO.  J.  Barrande  published  a  memoir  upon  the  f^raptolitea  of  Bohemia, 
describing  -eventeen  species  of  Graptolithts,  of  which  fifteen  were  new  ; 
a  new  genus,  Jlastrites,  with  four  species  ;  and  the  genus  JietloUtes,  with 
one  species.  These  are  all  placed  among  the  Polypi.  All  of  these  species, 
except  one,  are  found  in  the  Upi)er  Silurian ;  four  of  them  occur  in  the 
colonies  of  the  inferior  division,  and  i)ass  upward  to  the  superior  beds ; 
while  one  species  is  restricted  to  the  lower  division,  M,  Barrau  le  has 
given  in  this  memoir  a  resume  of  the  geographical  and  geological  distri- 
bution of  the  graptulites  in  the  different  countries  of  the  globe, 

18.30,  Prof,  McCoy  descrilicd  three  species  of  graptolites,  proposing 
the  name  Bijiloijnipsm  for  those  witli  a  double  series  of  cellules.  lie 
proposed  also  the  generic  name  Protoviri/n/aria  for  a  zoophyte  which  he 
refers  to  the  Gorgoniadic,  but  which  may  perhaps  belong  to  the  Grap- 
tolitidic.  (Annah  and  Magazine  of  Nat.  Hist.,  vol.  vi,  2nd  series, 
pp.  270-272,) 

18')0,  Prof,  Ilarkness  descril)ed  the  graptolites  found  in  the  black 
shales  of  Dumfries-shire,  recognizing  two  species  of  Jiustrites  and  ten 
species  of  Graptolites,   (Quar.  Jour.  Geol.  Soc,  vol,  vii,  pp,  59-65,  pi,  i.) 

1851.  Prof,  McCoy  published  descriptions  and  figures  of  graptolites 
from  British  pahoozoic  rocks,  adopting  the  name  I>iplo(jra])sus  for  the 
species  with  two  ranges  of  cellules.  Of  fifteen  species  Avhich  he  described, 
eleven  are  identified  as  those  of  preceding  authors,  and  three  of  these 
are  recognized  as  American  species,  {Uritish  Paheozoio  Fossils,  j)p. 
3-9,  pi,  1  }i.) 

1851,  l)r,  II,  A.  Prout  described  a  graptolite,  G.  Hallianus  [=  Den- 
drograjiti/sl,  from  the  Potsdam  sandstone  of  the  St.  Croi.x  River.  (^Am. 
Journal  Science  [2],  vol,  i.\,  p,  187.) 

1851,  Edward  Suess  published  descriptions  of  Bohemian  graptolites, 
reproducing  nearly  all  of  those  described  by  Barrande,  recognizing  several 
other  known  species,  and  describing  nine  new  species.  He  proposed  the 
name  Petalolithus  as  a  substitute  for  Diprion,  =  Dijiloijraptm.    {Xatur- 


*  This  number  of  twenty  species  included  some  forms  known,  but  not  at  that  time 
described. 
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wiiH'UHchaftUche  Ahhandlungen,  vicrtcr   Band,   pp.  88-134,    pis.  vii, 
viii,  and  ix.) 

I8.il.  ,J.  W.  Salter  described  G.  tenuis,  Portlock,  and  O.  bidlatus,= 
O.jmstis'i,  from  the  Silurian  rooks  of  Scotland.  {Mur^UKOti,  Silurian 
Itocks  I  >f  Scot  land,  Quart.  Jour.  (trol.  Soc,  vol.  vii,  pp.  1715  and  174.) 

1851.  Boock;  Bcinarkini/er  An(jauende  draptoUthen  Chr iatiania  (^c'ltQi. 
by  Geinitz;  the  work  not  seen  by  the  writer). 

ISol.  Scharcnbcrg,  «iey  Graptolitlicn  (cited  by  Gcinitz ;  work  not  scon 
by  tl'.o  writer). 

1852.  Prof.  Geinitz  described  the  ;^raptolite3  of  Saxony,  placing  thcra 
among  zoophytes,  and  proposing  the  genera  Monoijrapsus  and  Cladoi/rapsus 
for  certain  forms  of  graptolites,  and  the  genus  Nereograp»u8  to  '  iclude 
Mijrianitcs,  Nereites,  etc.  He  enuinerates  and  describes  fifty  species  of 
graptolites  of  his  own,  or  of  preceding  authors ;  and  one  species  of 
lietioll(es,Jt.  Gainitzianus,  (^Dic  Ventteincrungen  dcr  Grauwacken-fo  na- 
tion, heft  i.  Die  Graptolithen.') 

1852.  J.W.  Salter  described  some  graptolites  from  the  south  of  Scotland, 
recognizing  three  species.  (^Quar.  Jour.  Geol.  Soc,  vol.  viii,  pp.  388- 
3'Jl,  pi.  xxi.) 

1852.  J.  Hall  reproduced  the  GraptolitJius  Clintonenm,  and  described 
G.  venoms,  =  Itetiulitcs  venosus.  He  also  described  the  genus  Didyo- 
nenia,  suggesting  its  relations  with  GraptoUthm,  and  likewise  the  genus 
Iw.icaulis.  (^Paloeontologi/  of  Ni'W-York,  vol.  ii,  pp.  39  and  40,  pi.  xvii, 
and  pp.  174-170,  plates  xl  F,  and  xl  tJ.) 

185o.  J.  W.  Salter.  A  new  species  of  graptolito  (Didi/mograptu8 
caJuceiis,  Salter),  "  from  the  Lauzon  Precipice,  Hudson  River  Group." 
(^Quarterly  Jour.  Gcol.  Soc,  vol.  ix,  p.  87.) 

1855.  Dr.  Emmons  described  several  now  species  of  Graptolites,  and 
proposed  the  generic  names  of  Ncmaijrapsus,  Glossograpsus,  and  Stauro- 
grapsus.  (^American  Geology,  vol.  i.) 

1857.  Prof.  Meneghini,  from  collections  made  by  General  l^'.  la  Mar- 
mora, described  ten  species  of  graptolites  from  the  Silurian  rocks  of  the 
Island  of  Sardinia,  of  which  eight  s'  cies  were  new.  (^Palceontologie  de 
rile  de  Sardaigne.^ 

1857.  .J.  Hall  communicated  to  Sir  William  E.  Lt-gan  descriptions  of 
twenty-one  new  species  of  graptolites  from  the  Lower  Silurian  rocks  of 
Point  L6vi3  (Lauzon  seigniory)  near  QuoI)ec,  (many  of  the  species  having 
compound  forms  not  before  known  among  this  family  of  fossils,)  and 
proposed  several  new  genera.  (^Report  of  Progress,  Geol.  Survey  of 
Canada,  lSf)7.  See  also  the  Canadian  Naturalist  and  Geologist,  \o].  iii.) 

185'.).  J.  Hall  published  Notes  upon  the  genus  Graptolithus,  with  an 
enumeration  of  the  Canadian  species  ;  a  notice  of  graptolitc-stipes  with 
reproductive  cells,  together  with  descriptions  of  two  new  species.  (^Twelfth 
Report  on  the  State  Cabinet,  Albany,  pp.  45  and  58,  1859.) 
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1859.  The  preceding  notes  were  reproduced,  with  descriptions  of  five 
additional  species  of  GraptoUthuH,  one  lletiooraptns,  the  genus  Thamno- 
(jraptus  with  two  species,  and  one  species  of  Bastrites.  (^PaUeo)itvh(jy 
N.  r.,  vol.  iii,  pp.  405  and  522.) 

iSOO.  J.  Hall,  in  continuation  of  the  paper  from  the  Twelfth  Report 
on  the  State  Cabinet  (from  Palceontoh<ii/  of  New- York,  vol.  iii,  Supp.), 
described  additional  species  of  (/raptoHthns,  liedof/raptxs,  Th<nnno(jrap- 
tns,  and  liasf rites  as  above.  {Thirteenth  Report  of  the  /State  Cabinet, 
pp.  55-04,  1800.) 

1801.  J.  W.  Salter  in  "  New  Fossils  from  the  Skiddaw  Slates,"  noticed 
the  occurrence  of  several  species  of  G-raptolithiis,  and  the  discovery  of  a 
branching  form  similar  to  those  ivhich  Sir  William  E.  Lagan  first  brought 
to  light  in  Canada,  which  he  proposed  to  term  Dichoijraptus.  {Geologist, 
vol.  i,  p.  74.) 

1801.  Prof.  McCoy  ?ent  to  the  writer  a  proof  of  a  plate  of  graptolites 
from  the  '■'•Paliaontoloiju  of^^ictoria^  Among  the  figures  are  species  closely 
resembling  or  identical  with  G.  ramosm,  G.  fcreatus,  .and  G.  i/raeilin  ; 
while  others  resemble  G.  pristis,  G.  xaipftarius,  k,c.  The  descriptions  or 
farther  illustrations  have  not  come  under  our  notice. 

18<)1.  E.  Billings  "  On  the  t/ccurrence  of  Graptolites  in  the  base  of 
the  Lower  Silurian."  The  paper  contained  a  review  of  the  work  of  Freid- 
rich  Schmidt,  and  a  comparison  of  the  graptolitic  zones  in  Europe  and 
America,  with  a  view  to  show  that  the  graptolite-schists  of  Norman's 
Kill  near  Albany  are  not  in  the  upjier  part  of  the  Lower  Silurian  division. 
{Canadian  JVaturaUst  and  GeoIo</ist,  vol.  vi,  pp.  -344  and  :348.) 

18(53.  Sir  William  E.  Logan  recognized  the  occurrence  of  GraptoUthm 
bio:>rni>i,  G,  rainjsxs,  G.  iiiiero)iafi(s,  and  G.  pristi^,  characteristic  spe- 
cies of  the  shales  of  Norman's  Kill,  in  the  LTtica  and  Hudson  River  forma- 
tions of  Canada.  {Geolo(/i/  of  Canada,  p.  200,  and  Catalogue  of  Fossils, 
p.  042.     Idem,  Graptolites  of  the  Quebec  group,  pp.  220  and  228.) 

180:5.  J.  W.  Salter  (Note  on  Skiddaw-Slate  Fossils)  noticed  some 
new  species  of  graptolites,  proposing  the  new  genus  TetrafiraptHs,  and 
describing  the  genus  Dichoi/raptas  previously  proposed  and  cited  above. 
{Quartcrhi  Journal  of  the  Geohjical  iSoaieti/,  vol.  xix,  pp.  Io5-140, 
with  illustrations.) 


The  Graptolithiz  from  the  IToosic  slate-quarries  was  named  by 
Prof.  Eaton  Fncoides  secalinuii,  and  the  specimens  were  thus  labollcd  in 
the  cabinet  of  the  Rensselaer  School  at  Albany,  as  known  to  the  writer 
fum  1882  to  1830;  but  wc  have  been  unable  to  find  any  published 
description. 
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CHAPTER     II. 


I. — SYXOPSIS  OF  THE  SPECIES  OF  GKAPTOLITID^.  OF  TUB  QUEDEC  GROUP, 
DESCRIBED  IN  THIS  MEMOIR. 


A.     !?i-ECIES  HAVING   A   IIILATEUAI,   AHRANGKMEXT    OF   I'AUTS.       (Sub-geilUS   Monoprioil, 

Utirrande;  Monoijruvius,  Geinitz.) 

Genus  Graptolitiius,  Linnscus. 

a.  Species  consisting  of  two  stipes  from  a  single  axis.     (^Didijmograp- 

tus,  McCoy  ;   Cladof/mptus,  Geinitz  in  part.) 

Plate.  Figure. 

G.  nitidu3 1     ....  1-9 

patiilus 1     ....  10-15 

biliiliis 1      ....  16-18 

bifnliis 3     ....  9-10 

intlontus 1     20 

extemiatua 1     ....  21-22 

constrictus 1     ■...  23-27 

siinili3 2      ....  1-5 

arcuiilus 2     ....  G-10 

cxtcnsu3 ,..   2     ....  11-10 

pcnniitultis 3     ....  1-8 

peuuit.luiU3 5     ....  9 

b.  Species  consisting  of  four  simple  stipes  from  a  single  axis,  Avith  or 

without  a  central  disc.     (^Tetra/jraptus,  Salter.     Dkliograptus, 
Salter,  in  part.) 

Plate.  Figure, 

O.  bryonoides  ? 3     11-12 

bryonoidc3 4     ....  1-11 

bryonoides G     ....  4 

denticulrttus 4     ....  12-lG 

quadrjliracliiatus '^     ....  1-5 

qu:iih'lbrachiatu3 G     ....  5-  G 

frutico3us 5     ....  G-  8 

frutico3US G     ....  1-3 

crucilVr 5     ....  10 

Ilcnili G     8 

nlatu3 G     ....  9 

Bigabji IG     ....  22-30 
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c.  Species  consisting  of  eight  simple  stipes  proceeding  from  a  single 

axis,  Avith  or  Avitliout  a  central  disc.     (^Dichor/raptus,  Salter,  in 
part.) 

Plate.  Figure. 

G.  octobrachiatua 7  ....       1-T 

octobrachiatus 8  ....       1-4 

octonarius 10  ....       1,2 

d.  Species  consisting  of  more  than  eight  simple  stipes  proceeding  from 

a  single  axis,  with  a  distinct  broad  corneous  disc.     (^Dlchograptus, 
Salter,  in  part.) 

Plate.  Figure. 

G.  Logani 9     ....       1-9 

Logaui,  Tar 11     ....       1 

e.  Species  with  the  stipes  proceeding  from  a  single  axis,  and  more  or  less 

frciiuently  branched  during  their  entire  length ;   not  known  to 
have  a  central  disc. 

Plate.  Figure. 

G.flexilis 10     3-9 

rigiJus 11     ....  1-5 

abnormis 11     ....  6 

Ricbardsoni 12     1-8 

ramulus 12     ....  9,10 

B.    Si'ECiKS  (so  far  as  known)  consisting  of  simple  stipes  wnicu  are  celi.ilif- 

EliOlS   ox   TWO    SIDES. 

a.  Cellules  tubular,  inclined  to  the  axis,  aperture  subquadrangular. 

Plate.  Figure. 

G.  (Diplograptus)  pristiniformis 13     ....     15-17 

"  inutilis 13     ....     14 

h.  Cellules  short  and  square,   o'lerture  transversely-elliptical,  appar- 
ently excavated  in  the  margin  of  the  stipe. 

Genus  Climacograptus,  Hall. 

Plate.  Figure. 

C.  antcnnarius 13     ....     1 1-13 

Genus  Retiolites,  Barrandc. 

Plate.  Figure. 

R.  cusiformis , 14     ....       1-5 
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C.     Sl'ECIKS     WITH    NlMEUOrS    SlMl'I.E     STII'ES    FROM    A    SIXGLE    AXIS,     IN    BILATERAL 

ARRANOEMEXT.     (OtlitT  spccics  kiiowii  only  as  simple  stipes.)     (Sub-j^eiius 
Diprion,  Barrande;  Diphj-aptas,  McCoy.) 


Genus  Retioqraptus,  Hall. 


Plate. 
R.  tentaculatus 14 


Figure. 
.     6-8 


\-/t 


D.     SlMl'LE    STII'ES   WITH   QUADRILATERAL   ARRANGEMENT    OF    PARTS. 

Genus  Phylloqraptus,  Hall. 

Plate.  Figure. 

P.  typu3 15     1-12 

ilicifolius IG     ....        1-10 

Anna 16     ....      11-16 

aagustifolius 16     ....     17-21 

E.     Sl'ECIES   Il.VVIXG   STEM-LIKE   AXES    WITH   NL'MEROL'S    IRREGULAR   RAMIFICATIONS 

Genus  Dendroqraptus,  Hall. 

Plate.  Figure. 

D.  flcxuosu3 17  ....  1-2 

flcxuosus? 18  ....  4 

ilivcrgens 17  ....  3,4 

striatus 17  ....  5,  G 

ercctus.... 17  ....  7 

fiMiticosus 17  ....  8,9 

cliirusua 18  ....  1-3 

gracilis 18  ....  5,6 
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V.  Sl'ECIKS  WITH  FLARKLLATE  OR  FUXSEI.-SIlAl'El)  FUOXnS,  Till:  ItUAXC'HES  OF  WHIfll 
ARE  lOXXECTEI)  MY  REGULAR  DISSKl'lMKXTS  GIVIXG  A  KEXESTRATE  STRUC- 
TURE, OR  HY  UXUUEUUENT  AXl)  IRKKIiULAR  TKAXSVERSE  DAKS,  AXlt  SOME- 
TIMES  BY    AN   ANASTOMOSING   OF   THE    ADJACENT    I'ARTS    OF   THE    IIRAXCUES. 

Genus  Callograptus,  Hall. 

Plate,  Figure. 

C.olegans 11)     1-4 

Salteri 19     5-8 

Genus  DicTYONEMA,  Hall.  (Graptopora,  Salter.) 

Plate.  Figure. 

D.  irregularis 20     ....       1,2 

robusta 20     ....       3, 4 

quadrangularis 20     ....       5 

Murrayi 20     ....       6,7 
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G.  SfKciKS  roxstSTiSG  OF  miAXcnES  WITH  sirn-cYr.ixnuirAT,  or  norxDEi)  axi;s  ;  tub 

ri.TIM.VTK     l'I.\N'L'l,.K    IChOXOATE,     SUTI  lOIlM,     OK    IM.l'.MOSK,    AXII    Al.TlvltSATEI.Y 
AUUAXliDl)    ON   Tin;    TWO    SIDES    OK   THE    AXIS    OH    I.AIIOEU    UAMIS. 

Genu?  Ptilograptus,  Ilall. 

Plate.  Figure. 

P.  pluniosui 21     ....        1-4 

Gcinitziiimis ,,...21     ....       5-8 

Genus  Tiiamnograptus,  Hall. 

Tbamnograptus  Anna 21     ....       9 


8l'ECIES    IXTKOUUCED    FROM    THE    UTICA    SI, ATE    01'    LAKE    ST.    JOH.V,    KOR    COMl'ARiaoN 

AND    ILl.rSTKATIOX. 
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GUAPTOLITIIUS. 

Plate. 

G.  (■=  JFonoprion  =  Didymogrnptus)  ilnccidus 2 

V>.  (=  UiplogriiptU")  (luadrimucronatus 13     .., 

Rktiogiuptus. 

Plate. 
Ilctiograptus  cucbaris  •  •  ■ 14     . . 


Figure. 

17-19 

1-10 


Figure. 
9 


§  II. — descriptions   OF  THE   SPKCIKS   OF   ORAPTOLITID.E   FIGURED 

IN   TUIS   MKMOIU. 


liii 


Genus  GRAPTOLITIIUS,  Linufcug. 


^;:i  I- .; 


i.  ;J 


Generic  C/iaradcrs. — Polypidom  or  frond  consisting  of  slender  clonj^ated 
stipes  or  stems,  wliich  are  flattened  and  (juadrangular,  and  may  be  simple 
or  compound,  and  sometimes  bifurcating.  Tlio  cellules  take  their  origin 
from  a  common  body  or  canal,  wliich  is  parallel  to  a  slender  axis. 

Some  of  the  species  have  the  cellules  in  single  series,  and  others  have 
them  in  two  series,  arranged  on  opposite  sides  of  the  stipe. 

Those  specios  with  the  single  series  of  cellules  (^Monopriua,  =  Mono- 
graptus)  have  the  axis  marginal ;  while  those  with  the  two  series  of 
celhilos  (^Di prion, -=l)iphjiir(iptas^  have  each  series  entirely  independant 
of  the  other  and  3ei)araced  by  a  double  solid  a.xis,  leaving  no  eoiununi- 
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cation  hotwocn  the  series,  cacli  of  whicli  has  its  common  body  or  canal, 
as  in  those  witli  tlic  single  series  of  cellules.  This  character  is  clearly 
shown  ill  souic  of  the  hi-celluliferous  species,  which  subdivide  above  the 
bi.se  by  the  dehiscence  of  the  axes. 

'J'he  species  having  a  single  series  of  cellules  are  developed  in  a  bilateral 
arrangement  of  the  parts  on  the  two  sides  of  a  central  point  or  radicle. 
Tlie  siniplest  forms  known  consist  of  two  single  elongate  stipes  ;  others 
have  four,  eight,  or  more  simple  stipes  ;  while  in  other  species  the  stipes 
are  variously  bifurcated  :  but  in  all  they  are  symmetrically  and  bilaterally 
arranged  upon  the  two  sides  of  the  specimen.  Many  of  these  compound 
forms  have  the  bases  of  the  s^^tipes  united  in  a  oontral  corneous  disc  or  cup, 
which  is  of  ^)'c  same  substance  as  tlu;  stipes,  tl  ■  kened  in  the  middle,  and 
attenuate  at  the  margins,  and  which  in  the  living  condition  was  probably 
of  a  concavo-convex  form. 

The  centre  of  these  discs  on  the  exterior  side  often  presents  a  small 
prominence  or  ])oint,  which  however  does  not  bear  evidence  of  having 
been  attached,  at  least  during  the  later  periods  of  the  animal's  life. 

The  species  tnider  this  genus  may  for  convenience  be  distn})uted  in 
two  sections  with  several  subordinate  divisions,  as  shown  on  pp.  05  and  GO. 


1.    GllAl'TOLITIIUS   NITIDUS,  Hall. 

Plate  f,  figures  l-'J. 


I.' "' 


(G.  MTiitrs,  Hull  ;   Gcolo^icul  Surccy  of  Canadu,  Report  f(ir  1857,  page  129.) 

T)fit'ription. — Frond  composed  of  two  simple  sti]ies  proceeding  from 
a  small  railiele,  •ind  iliverging  at  an  angle  of  about  17")°.  Stipes  narrower 
at  the  base,  and  gradually  widening  towards  the  extremities,  Avhich  in 
perfect  siiecimens  are  somewhat  rounded  from  the  partiid  development  of 
two  or  three  of  the  terminal  cellules.  Radicle  short,  abriiptly  tapering  to 
a  slender  ]ioint.  The  stipes  in  their  greatest  Avidth  are  from  six  to 
ten  Inuiilredths  of  an  inch,  while  near  the  base  they  are  often  not 
more  than  five  hundredths  of  an  inch  in  widtli.  Tlie  jtritportion  of  the 
stipe  occupied  by  the  common  body  is  about  one  sixth,  or  less  than  ^ue 
sixth  of  the  entire  width.  In  the  liroader  stipes,  the  limits  m;<;ked  by  the 
pust\ibform  elevations  indicate  the  bases  of  the  cellules.  In  some  speci- 
mens, one  fourth  of  the  width  is  oecup'ed  by  the  conmion  body. 

Cellules  long  and  narrow,  from  thirty-two  to  thirty-four  in  the  space 
of  an   hich,   curving   slightly   upwards,   nearly  twice   as   large   at    the 
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apcrtnvo  us  at  the  base,  and  about  three  timc-<  aa  long  as  tlicir  greatest  width 
when  tlie  stipe  is  flattened  ;  inclined  to  the  axis  at  an  angle  of  from  -Jo"  to 
45°  ;  division-walls  of  cellules  iu  contact,  or  united  for  three  fourtlis  of  their 
entire  length  ;  margin  of  the  aperture  straight,  or  slightly  curved  near  the 
anterior  edge,  making  an  angle  of  110°  o:'  112°  with  the  axis  ;  the  anterior 
margin,  in  the  broader  stipes,  lies  over  i'lO  base  of  the  third  cellule  in 
advance.  The  limits  of  the  cellul':.)  are  itmngly  marked  })y  a  line  indi- 
cating the  place  of  the  partition  or  divisional  cell-wall,  wiach  on  one  siil-.' 
often  terminates  below  in  a  pustule. 

This  beautiful  little  species  dift'ers  very  di^linotly  from  dl  others  of  the 
genus  Avhich  I  have  studied;  and  it  bears  little  relation  to  any  of  the 
European  foi  ms  described,  so  fur  as  they  have  come  under  my  (Observa- 
tion. The  substance  of  the  stipe  is  usually  tlii('l-"ncd,  brounisli-iilavk  in 
color,  sniootii  <ir  slightly  Avrinkled  from  desiccation,  and  rarely  mavkc:! 
with  distinct  strise  paralle'  lo  the  cell-margii^s.  The  sti-iix;  ai'i^aroistly 
indicate  the  sticcessive  stii.i'c.-  of  growth  or  develupment  of  the  cell-walls. 
The  divisions  between  the  ciiuloh  are  strongly  marked  by  what  iisnally 
appears  to  be  a  distinct  groove  |::nlnced  by  the  folding  of  one  cell  ovvv  the 
other  at  the  line  of  juneti.m,  tliln  line  indie;; ting  the  place  of  the  cell-partition. 
The  sheati:  or  commoii  budy  of  this  species  is  usually  partially  filled 
Avith  ><t()ny  matter,  and  a  section  presents  an  extremely  elongati'd  isval 
form.  This  condition  may  he  i)artly  due  to  the  original  character  of 
the  body,  or  to  thi;  nature  of  the  matrix  ;  which  is  less  finely  laminati.-d 
thiin  some  of  the  graplolitic  slates,  but  preserves  the  fossil  in  a  very  beau- 
tiful !  I 'inner.  The  imprints  are  stained  by  nxide  of  iron,  and  the  stria; 
markin,_'  the  divisions  of  the  celhdes  are  often  well  preserved.  Tlie  trans- 
verso  stri:>;  parallel  to  the  apertures  of  the  cells  are  often  distinctly  seen  in 
casts  of  the  interior. 

The  miniitc  tubercles  marking  one  side  of  the  stipe  are  rarely  shown 
on  tlie  two  sides,  and  sometimes  on  neither  side.  The  conditions  of 
pressure  may  have  had  some  influence  in  causing  this  ai»pearance  ;  since 
the  pohit  (if  the  abrupt  bending  of  the  partition  l)etween  the  two  (HnhUes 
may  have  resisted  more  than  the  other  parts,  and  thus  jtroducfd  the 
prominence  ol)served.  The  proportions  of  parts  are  subject  to  slight 
variations,  dependent  mainly  on  the  degree  of  stipe-development.  In 
the  narrower  forms,  the  cell-aperture  often  lies  vertically  above  the  base  of 
the  second  cellule  in  advance,  instead  of  above  that  of  the  third  as  in  the 
wider  forms.  In  the  relati(jns  of  the  cellules  to  each  other,  they  a[)pear 
as  if  the  pressure  had  been  exerted  obli(piely  to  the  directi(jn  of  the  axis ; 
the  cellules  ijehig  slightly  en  cchehn.  There  are  however  many  indica- 
timis  jiohiting  to  such  an  arrangement  as  being  the  original  disposition  of 
the  cellules  on  the  axis,  not  only  in  this  but  in  other  species. 

The  impressions  of  (r.  l>r>/uit'.ndiis  resemble  those  of  this  species ;  but 
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the  stipc3  arc  broader,  the  strioe  lcs3  i-igkl  and  distinct,  and  the  tuViercles 
and  coarder  denticles  of  G-.  nlt'ulm  are  absent.  In  mode  of  growtli  and 
general  aspect,  this  species  resembles  (?.  seiratulus  of  the  Hudson  lliver 
group  (Pal.  N.  Y.,  vol.  1,  p.  274,  pi.  Ixxiv,  fig.  5  a,  i);  but  in  the  latter 
the  denticles  are  coarser  and  more  obli(iue,  the  lower  side  being  much  the 
loriv,er,  and  the  stipes  are  more  distinctly  linear;  while  in  Gr.  iiitUhis  the 
sti'ic.  "'>come  gradually  wider  from  the  base,  and  are  very  distinctly  striate 
and  V.;.  .culose  in  well-preserved  specimens. 


Explanations  op  Figdbbs  op  Graptolithus  nitidds,  Hall. 
Plate  I. 

1.  A.  young  individual  preserving  the  radicle  and  the  two  stipes. 

2.  The  extremity  of  a  stipe  enlarged,  sliowing  tlic  partially-developpd  cellules. 

3.  A  larger  specimen   of  siniiliir   character  to  fig.  1,  sliowing  tlie  pustules  at  the 

base  of  the  cellules.     The  extremities  are  not  quite  entire. 

4.  A  part  of  the  left  side  of  fig.  3  enlarged,  showing  the  pustuliforin  elevations. 

5.  An  enlargement  from  another  f>|ieciinen,  with  the  cellules  obliquely  compressed, 

and  the  pustules  obscurely  sliown. 

6.  Two  smaller  individuals,  which,  from  juxtaposition,  similarity  of  size,  etc.,  seem 

as  if  tliey  may  have  originated  from  a  conimoti  Ijase. 

7.  An  imiirossion  of  a  more  extended  form,  wliich  is  proportionally  narrower  than 

fig.  3. 

8.  A  still  narrower  form  of  stipe,  diverging  almost  rectangularly  from  tlie  direc- 

tion of  tlic  radicle. 

9.  A  well-preserved  small  individual,  enlarged  three  diameters. 

Formation  and  Locality. — Shales  of  the  Quebec  group ;  Pohit  Levis. 


2.  Graptolithus  patulus,  Hall. 
Plate  I,  figures  10-15. 

(G.  i>atulus,  Hall;   Geological  Survey  of  Canada,  Report  for  1857,  page  131.) 

Description. — Frond  composed  of  two  simple  stipes  diverging  almost 
rectangularly  from  a  small  radicle.  8ti})es  long,  linear,  widening  very 
gradually  from  the  base  to  the  extremities,  which  are  somewhat  rounded 
frora  the  innnaturity  of  the  later  cellules.  AVidth  from  base  of  sorratures 
to  the  Itiick  of  the  stipe,  from  one  sixteenth  to  one  twelfth  of  ;ui  inch. 
Surface  strongly  stritite  in  the  direction  of  the  collides;  striivj  ciu'ving. 
Radicle  minute.  The  proportion  of  the  stipe  occu|)ied  by  the  common 
body  vtiries  frcm  a  perceptible  line  to  one  fifth  of  the  entire  width,  and  is 
dependent  partly  or  entirely  uu  the  direction  of  the  i  iv-.-iire. 
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Cellulos  distinctly  liniitcd  hj  tlie  partition-walls,  ahont  from  twcnty-fonr 
to  tuonty-six  in  the  space  of  an  inch  :  rather  wide,  makinir  an  anj!;le  of  about 
60°  with  the  direction  of  the  axis,  and  slightly  curving  upwards ;  their  pro- 
portions vary  according  to  the  wiilth  of  the  stipe,  being  from  three  to  four 
times  as  long  as  wide.  Outline  of  the  aperture  curved,  concave,  making  an 
angle  with  the  axis  of  about  130°  ;  on  the  lower  or  posterior  side  produced 
into  niuci'onatc  points  which  curve  gently  forward:  walls  of  the  cellules 
distinctly  striated  parallel  to  their  margins,  for  one  half  the  depth.  The 
anterior  margin  of  each  cellule  is  vertically  aljovc  the  base  of  the  second 
cellule  in  advance. 

Fragments  of  this  species  are  numerous  upon  some  slabs  of  greenish  or 
blackish-green  slate  where  other  species  occur.  The  remains  of  single 
stijR's  are  sometimes  four  or  five  niches  in  length,  showing  in  different 
individuals  little  variation  in  width  after  becoming  perfectly  developed, 
which  occurs  within  an  inch  of  th?  radicle,  Sometimes  the  stipes  are 
compressed  vertically,  and  present  the  smooth  linear  l>ase  or  exterior, 
which  is  less  in  width  than  when  compressed  laterally.  The  lateral  faces 
of  the  stipes  exhil/it  some  variety  of  surface,  dependent  on  the  degree  of 
compression,  or  in  some  instances,  on  the  replacement  or  filling  of  the  inte- 
rior by  iron  ]i)yrites.  In  these  cases,  or  when  the  branch  is  not  flattened, 
the  surface  is  deeply  striated  or  wrinkled  obliipiely.  Sometimes  Avhen 
extremely  compressed,  the  surface  has  an  appearance  of  vesicular  struc- 
ture, which  is  probably  due  to  infiuences  attending  the  mineralization  of 
the  fossil,  or  the  filling  up  of  the  original  canal. 

This  species  is  palpably  different  from  the  last  in  the  greater  extent  of 
the  stipes,  and  in  their  almost  perfectly  linear  character.  The  form  of  the 
denticles,  and  their  angle  with  the  axis,  as  well  as  their  proportional  dis- 
tance, are  distinctive  characters.  The  O.  rh't/ulatus  of  l»eck  ((Jcinitz's 
Graptolitlien,  page  37,  pi.  v,  fig.  36)  boars  some  resemblance  to  this 
s]tecies  in  the  figure  of  natural  size;  but  our  species  does  not  correspond 
with  the  enlarged  figm-es. 
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Explanations  of  Fi(iunF;s  or  GRArroLiriii's  patchs,  Hall. 
I'latk  I. 

10.  A  siieciinoii  ]irc3erving  t!ie  rmliclo,  and    a  stipe  on   one    siile   two  and  a  half 

iiiclics  ill  k'ligtii. 

11.  Tlio    dislal    extrt'Uiily    of  a    larger    stipe.      Sumo    of   the    cells    are    lilled    with 

iroii  pyrilcs. 

12.  A  sliiiri  sii|H'  briikeii   oil'  near  the  radicle,  .showing  the  narrow    form  near  the 

bar^e,  and  a  ijreater  width  beyond,  exceeding  that  of  tin  ordinary  fornisi. 

13.  A  part  of  (ig.  12  enlarged. 

14.  A  |iarl  s:ill  furtlicr  enlarged  to  show  the  striio  parallel  to  the  (■ell-aperture:). 

ID.  All  eiilargeiiieiit  from    li;;'.    11,    where    some    cells  are  Idled    with   iron   pyrites, 
showing  their  exlenjion  iiliuoil  to  the  back  of  the  stipe. 
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Formation  and  Local  it  i/.~i>h(i\cs  of  the  Quebec  group ;  from  loose 
masses  below  the  village  of  Point  Ldvia. 


3.    GUAPTOLITIIUS   BIFIDUS,   Hall.   (ll.  S.) 

riatc  I,  figures  10-18  ;  Piute  III,  figures  D,  10. 

Description. — Frond  two-stipotl :  stipes  diverging  from  the  small  short 
radicle,  and  curving  slightly  inward,  and  thence  extending  in  right  lines 
including  an  angle  of  from  15°  to  20°,  varied  l)y  growth  or  accident.  Stipes 
\Qcy  narrow,  rounded  at  the  base,  and  gradually  expanding  above,  attain- 
ing their  greatest  width  at  ab(jut  two  th'-.ls  of  the  distance  from  the  base, 
from  whicli  they  ;ire  gradually  narroweu  to  the  extremity  ;  they  curve  on 
the  celluliferous  margin,  and  are  essentially  straight  on  the  back.  The 
cellules  continuing  to  increase  in  length  as  the  stipe  is  extended  to 
tlie  point  of  greatest  width,  give  the  peculiar  curving  outline  to  the 
celluliferous  nuirgin.  In  the  stipes  of  ordinary  width,  about  one  sixth 
of  the  space  is  occupied  by  the  common  body  ;  though  this  proportion 
varies  with  the  development  of  the  stipe.  Test  thin,  nearly  smooth, 
or  with  faint  stria;  parallel  to  the  cell-margins  :  divisions  between 
the  cellules  stroii;j;ly  marked,  and  frc([uently  terminating  below  in 
a  minute  ])ustule.  The  width  of  stipe  varies  from  one  fifteenth  of  an 
inch  at  the  base,  to  one  eighth  or  even  one  fourth  of  an  inch  in  the  widest 
portions.  Cellules  long  and  slender,  except  a  few  at  the  base,  and  some 
partially  developed  near  the  apex  :  the  length  of  the  collides  is  from  three 
to  four  and  a  half  times  their  width,  according  to  the  degree  of  develop- 
ment, and  they  incline  to  the  axis  at  an  angle  of  48°  near  the  lower  part, 
curving  more  directly  upwards  in  the  middle,  or  more  fully  developed  part 
of  the  stipe.  Near  the  base  of  the  stipe  the  angle  of  the  cellules  is  greater, 
and  towards  the  apex  it  is  less,\uitil  the  last  few  are  inclined  at  a  very  low 
angle.  The  cellules  are  free  for  iVom  one  fourth  to  one  tliird  of  their  length. 
The  apex  extended  in  a  sub-nmcronate  point.  The  curving  of  the  cell- 
margin  forms  an  angle  of  about  120'°  with  the  axis  in  the  widest  part  of  well- 
developed  stipes. 

This  species  is  very  peculiar,  diftering  from  all  others  described  in  this 
memoir  (except  ^.r.  pcnnatuhix)  in  the  great  inecpiality  of  width  in  the 
stii'C,  and  the  apparently  continuous  increase  of  width  from  the  extension 
of  the  cellules  ;  while  the  younger  cellules  near  the  apex  setun  to  be 
slowly  developed.  The  stipe  at  the  base  is  nearly  round.  Of  the  earlier 
cellules  usually  four  or  five  and  sometimes  six  or  seven  do  not  attain 
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tlic  I'lill  iH'oportions.  In  flcvoral  spccimotis  (and  '•  jflocd  in  fill  tlioso  upon 
wliifli  till'  spi'cii's  wns  .i;iiii!illy  finniilcd),  tl'c  htiport  divcr^'o  tVoin  the 
radicle  at  an  ati,!;i<'  ;>t"  1 ')"  (>r  liO '  with  the  I'l'Ilidifcnuis  fact's  on  ilic  inner 
or  approxiniatc  niar;^ins.  A  lati'i'  cxaniinalion  of  other  collecvion?*  whows 
S(tnH'  specimens  where  the  diver^enci'  is  <j;reiiter,  and  the  develc.pmcnt  of 
parts  more  excessive. 

Three  individuals  of  this  spceies  from  tin*  shales  at  Point  T/vis  preserve 
very  constant  characters  in  the  tnode  of;j;n>\vth  and  strnctnral  details.  One, 
a  sin,i:le  stipe  nnich  lon;i:;er  than  the  others  from  the  same  locality,  ])rc- 
sents  some  departnre  from  tiie  prevailing;'  characters,  and  is  rel(  rred  with 
hesitation  to  this  species,  .\nother  specimen  amonj:;  later  collections  from 
a'love  the  river  8t.  Anne,  has  move  diver!:;etit  .stipes  arid  a  Htroni^;er  form 
than  those  first  deserihed.  In  the  imperfect  condition  of  pivseri  ation  of 
these  specimens,  it  is  not  easy  to  determine  what  extent  of  variation  in 
individuals  of  this  form  may  he  due  to  the  luodo  of  growth  aiul  to  other 
causes. 

Kxri.A.NATioNa  OK  Fuiiuts  ov  GitAi'Toi.niu-.s  jiiriDrs,  UM. 

Pl.ATB  I. 

li).  A  small  sjR'i-iiueii  iVmn  tlio  sumo  fruymt'iit  ofsliitir  willi  lig.  17. 

17.   All  iiiiliviiliiiil  of  iii-i!iimry  si/.t'. 

IS.   All  enliirgt'iiu'iil  of  tlic  iijiiipr  imrt  of  one  stipo  of  fig.  17. 

I'l.ATK   III. 


!>.  An  iiiiliviiliiiil  of  this  sji    ;ics,  Imvjiig  a  greutiT  divingoncu  of  tin-  stiiu-s  llina  i3 
iisiiully  iibservi'il. 
10.   An  (Miliirici'iiii'iit   from  oiio   of  the   slices  of  tin-  prci'cirrig,  sliouiiiLT  lln'  form  of 
sernilures,  luul  tla"  lainuto  pustules  at  the  base  of  the  cell-iiivisloiis, 

Fiit')na(!oii  and  Localities. — Shales  of  the  Quehec  >j;r(»up  ;   I'oint  L('^vis, 
and  three  mile::i  ahove  the  river  St.  Amie. 


4.  Grai'TOlttiius  indk.vtis,  Hall. 


Plato  I,  figure  20. 

((inAi'TOLiTiu's  iNPEXTUs,  Ilall :  G:jlogic<il  Survey  of  Canada,  Report  for  lH5l,page  128.) 

Description. — Frond  consistino;  of  two  simple  stipes,  diver^inj^  at  tlie 
base  from  a  slender  radicle,  and  making  an  angle  hctween  the  two  of  50^ 
for  the  first  (piarter  of  an  iuel:.  and  above  this  contiiming  in  a  nearly  par- 
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allel  'lirootion.  Test  somcwliat  roii;^h  :  widtli  of  stipe  aljout  six  luindreilths 
of  an  iiieli  ;  tlie  liack  iiiarked  hy  a  stroii;^  axis,  a;i(l  a  scarcely  apiireciaMo 
portiuu  oci'iiplod  hy  tlie  cuinmoii  IxMly.  Colliilos  ii.'irrow,  di.staiit,  aliout 
twouty  in  tlic  spaci;  of  an  inch  ;  eacli  one  havin;;  a  leii;;th  of  ahoiit  three 
times  its  widtli,  half  of  the  len;^th  heiii;^  free  ;  inclined  at  an  aiif;:;le  of 
ahoiit  :');1'  to  the  axis :  a[icrture  at  ri;.'lit  anj^les  to  the  axi.s  :  the  apex 
acute  and  point(  d. 

'i'his  spcilcs  hears  a  rcscnihlanee  to  (1.  crtnnnitx.-i  in  the  width  of  sii;)0 
and  proportional  illstaiice  of  ct'lhdfs ;  hut  lln;  ani^le  of  inclination  of  the 
cellides  and  tin;  foi-ni  of  aperture  are  (piite  ditferent  ;  the  aliHence  of 
jiustuli'S  at  the  hase  of  the  cell-divisions  is  also  a  very  distinctive  character. 
The  Hti|)es  of  this  speci(;s  hear  a  very  close  resemblance  to  those  of  Q-. 
ijiMilrilirni-hintiiH  ;  hut  the  individual  ti,::;ured,  in  which  the  hiise  is  pro- 
served,  shows  in  its  peculiar  oirvin.i;;  and  smalhr  serratures  near  the  hase,  a 
feature  which  heh)n;^s  only  to  the  two-stiped  forms.  The  cellules  also 
appear  to  he  narrower,  and  are  slij:htly  closer  in  tlieir  arran^^ement ; 
stipes  of  the  same  size  of  the  two  species,  showin;^  respectively  ei;(htecn 
and  twenty  cellules  in  eipial  spaces. 

Exi'OANAriO.S    OK    I'Kil'liK    or    (llIACTOI.ITilfS   ISDENTCS,    IIllll. 
I'l.ATK    I. 

2f>.  Ati  iiiilividunl  of  the  niitiinil  size,  the   coiitiiiiialioii   of  the  sti[)C3  huviiig  been 
lirokeii  otr. 

Foniutthtn  and  Londlti). — Shales  of  tie'  (Quebec  group;  Point  Ldvis. 
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5.  GiiArroLrnirs  kxtexuatis,  Hall.  (n.  s.) 
Plate  I,  ii.^o^rcs  21,  22. 

T>,'gi'rijitlo)i. — Stipe  slender,  linear,  straight  ;  sulstancc  smooth,  exei  i.t 
tlie  slri;e  indicating;  the  cell-partitions  ;  width  a  little  less  tlian  one 
tweatietli  (.'"an  inch,  the  conuiion  hody  occupying  a  little  more  than  one 
quarter  of  the  width.  The  hack  of  the  stipe  is  markeil  hy  a  stnaig  nuirgiual 
axis.     Jlailicle  unknown. 

C'elluUvs  narrow,  very  gra<lually  expanding  from  the  base,  length  about 
three  and  a  half  times  the  width  ;  making  an  angle  with  the  axis  of  nearly 
20°,  and  curved  near  the  base.  Ai)crtures  truncate,  slightly  curved  to- 
wards the  anterior  margin,  and  nearly  at  right  angles  with  the  axis  ;  free 
for  about  two  fifths  of  their  length  ;  about  twenty-four  in  the  space  of  an 
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iiicli,  Tilt'  Mpcx  <>r  tlu'  I'l'll-tlcuticlf  (»r  apfrtiin'  is  a  little  Inrwiinl  nf  tlio 
tiiliiTi-h"  niaikinji  tlit'  liasn  of  llic  second  cell  in  advance.  Tlie  cell- 
]iarlitii>ns  or  se|ita  are  not  slron;:;ly  inarived,  hut  distinct  under  a  IchM,  uuil 
terminate  lielow  in  a  minute  rounded  process  or  ]iustule. 

(^'I'he  s|ieeimen  on  wliieli  this  description  is  loumled  is  a  rra;4mont 
of  two  and  a  iialt"  ineiies  lon;j;.  Oilier  t'rai^ments  on  (lie  same  piece  of 
\\eallu'red  sliale  appear  to  lie  identical  witli  it,  hut  are  too  ohscure  Tor 
balisfactory  determination.      It  is  supposed  to  lie  a  liiliratdiiate  I'orni.) 

'I'liis  species  liears  coiisideraMe  resenildance  to  tlie  ii'^iirc  of  (} .  tiiiidn 
of  l'ortloek,as  ;;iveii  liy  McCoy  (  l>rit.  I'ahfozoie  Kossils,  pi.  i.  IJ,  li^j;.  4  a, 
li ) ;  liiit  tlie  stipe  oitliat  one  shows  no  pustule  at  the  hii^c  of  the  cell-division. 
1'iie  ori;4inal  li_ii;ures  of  I'ortlock  do  not  however  corri-.-pond  so  nearly  with 
(Mir  species  in  its  cellules,  while  the  axis  is  not  ho  stron;i;ly  tU'veloped. 
t'oiupared   with  any  of  the   Caiiadiaii    forms,   except    (/.   i.itt'tixKs,  it  i.s 


proportionally  narrower 


with  that 


one 


it  corresponds  in  thi>  numher  ot" 


serratures  in  the  siiiue  space  ;  hut  the  an^le  made  hy  the  cidliilcs  with 
the  axis  is  very  dilVerent,  and  the  presence  of  piistiiKs  is  a  distin;j;uishin;; 
feature.  From  all  other  analogous  tonus,  this  one  varies  iii  the  form, 
proportional  iiuiiihcr,  and  inoliuation  of  the  cellules. 


Kxl'LANATlONH    OV    FulirilKS    OK    (ill Al'TOl.lTllCS    KXTKMATUS,    Hall. 

I'l.ATK    I. 

'Jl.   A  IVHffiiiciil  of  till'  stipe,  imliirjil  >)/a\ 

'^2.  A   luirtiiui  111'   iIh'   lowor  cxtrciiiiiy  tMiliirtJi'(l  ;    ii  i>nrl  of  the  siicciiiicn  retaining 
liio  siib.-itiuii-i'  lit"  llio  Ibs.-iil,  .111(1  11  inut  ln'iuj,'  an  iiii|iic.-»si(iii  in  tlie  slate. 

F'irnttttion  and  Lm^dUy. — ShaU's  of  the  Quebec  ^rou[i ;  I'uiut  Levis. 


li.    (iKAl'TOLIl'lIUS    t'U.N.STlUCTLS,    Hall.    {\\.   S.) 

Plate  1,  fi-ures  2:5-27. 


Do^i'riptliuK — I'^rond  composed  of  two  slender  stipes,  which  divei'f!;o 
almost  rectaujiularly  from  a  minute  radicle,  or  are  usually  hent  a  little  hack- 
wards,  a  feature  which  is  more  conspicuous  in  youiiu;  individuals.  The 
stipes  attain  their  full  dimensions  near  the  radicle,  maintainin;:;  nearly  an 
c^ual  width  th-rouj;liout  their  loni^th  :  the  extremities  are  somewhat  rounded 
from  the  partial  development  of  simie  of  the  termiiiiil  cellules.  The  stipes 
ill  their  greatest  wiiltli  are  about  nine  hundredths  of  an  inch,  and  vary 
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from  five  to  nin<!  hiindrciltlis  in  their  diffon-nt  sta;.'03  of  growtli  and  dcvel- 
opiiuiiit.  TIk!  c'oimiioii  hody  ocoupiua  u  very  hiuuU  proportioii  of  the 
ciitiro  width,  mid  it-i  limits  arc  not  distinctly  defined.  SnriiuM;  of  stipos 
(jnit(!  sniodth  ;  t»;st  very  thin,  iind  cell-walls  usually  ohscurely  marked. 

Cellules  of  moderate  len;;th,  from  twenty-ftiir  to  twenty-six  in  the 
sjiace  of  an  inch,  and  inclineil  to  the  axis  at  an  an;^le  of  ahoiit  iill^,  as 
indicated  l»y  the  lines  of  the  cell-partitions  :  line  of  the  ajiertiire  truncate, 
or  very  sli;^htly  convex,  making:;  an  an;:;le  of  lliO^  with  tie;  axis,  and 
n(!arly  rectan;!;ular  to  th(,'  direction  of  the  cellule.  The  cellules,  in  their 
lower  part,  and  fur  two  thirds  of  their  len;^th,  are  straight,  and  scarcely 
wider  throu;^hout  than  ut  their  ori^^in  :  at  this  point,  just  hefore  hecoining 
free,  they  are  ahruptly  expundetl  (in  tlie  posterior  side,  and  this  mar;;in 
of  the  i'vv.  e.vti-emity  makes  a  lar;^er  an;^Ie  with  tin;  direction  </f  the  axis. 
This  expansion  of  the  cellule  is  perhaps  as  properly  a  sudden  constric- 
tion just  hidow  the  orifice,  or  at  the  hase  of  the  cell-di  iiticle.  The  eell- 
di'nticles,  under  a  strong  lens,  are  seen  to  he  finely  striated  parallel  to 
the  line  of  the  aperture. 

This  species  in  its  mode  of  ;j;rnwth  and  ;^eneral  form  resenihles  G.pdtuhis, 
hut  in  its  development  it  earlier  attains  the  full  width  of  the  stipe.  It 
is  always  smoother  on  the  exterior  surface,  and  the  cell-walls  rarely  make 
distinct  striic,  as  in  that  species,  tiiou^h  this  character  is  visihle  under  a 
lens.  'I'lie  form  of  the  denticles  is  liowever  very  cliaracteristic  ;  and 
this  at  (Piice  distin^^uishes  it  not  only  from  O.  pntnlnH,  hut  also  from  every 
other  species  of  this  i^roup.  It  is  associated  in  the  same  slates  with 
G.  ]>((tidim  and  G.  quuilrihrdi'liuttus, 

A  specimen  in  the  shales  of  <}ros  Maule,  preserving  all  the  essential 
features  of  this  species,  lias  apparently  a  thicker  test,  and  the  interior  is 
partially  filled  with  stony  matter,  so  that  the  jiarts  are  more  clearly  seen. 
In  this  (jiie  the  cells  show  a  very  ;^radual  expansion  towards  tiie  aperture, 
and  a  sli;^ht  curvature  of  the  cell-partitions  near  the  hase,  while  the  con- 
striction helow  the  cell-mouths  is  more  strongly  pronounced. 


li 


Explanations  or  Fiquiieh  op  Graptolitiius  constrictus,  Hall. 

Platb  I. 

23.  A  young  individiml  of  the  natural  sizo. 

24.  An  older  specimen. 

2.").  A  |iiirt  of  a  nuicli  more  extended  stipe,  but  which  is  not  wider  tlian  fig.  23. 
20.  A  part  of  a  stipe  from  'Iros  Maide. 

27.  An  eulagement  showing  the  form  of  cells,  the  cell-denticles  or  apertures,  and 
the  characteristic  apparent  constriction. 


Formation  and  Localities. — Shales  of  the  Quehec  group ;  from  some 
loose  masses  below  the  village  of  Point  Ldvis,  and  from  Gros  Maule. 
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7.  Graptolitiius  slmilis,  Hall.  (n.  s.) 
Plate  IT,  figures  l-o. 

Deanriptlon. — Frond  consistin<>;  of  two  narrow  sublinear  elongate  stipes, 
proceo<linL;;  from  a  small  pointoil  radicle,  from  which  they  diverge  almost 
rectangularly  :  stipe  ae(piiring  its  full  width  near  the  radicle,  having  a 
short  s})ace  near  the  base  without  celhdes  ;  extremities  somewhat  rounded, 
from  the  partial  development  of  the  collides.  The  stipe  varies  from  five 
to  ten  hnndredths  of  an  inch  in  width  :  the  cell-partitions,  Avhen  visible, 
extend  nearly  to  the  back  of  the  ^•'■ipe,  leaving  a  narrow  space  occu|iied  by 
the  comumn  l)ody.  l?urface  nearly  stuooth  :  cell-jiartitious  seldom  seen,  and 
not  distinctly  \isii)le  ;  the  specimens  extremely  compressed. 

Collides  somewhnt  short  and  broud,  little  curved,  about  twenty-one 
in  the  space  of  an  inch,  inclined  at  an  angle  of  2o°  to  the  axis.  The 
cellules  are  from  two  to  three  times  longer  than  wide,  this  depending 
on  the  widtli  of  stipe  :  margin  of  aperture  truncate,  making  an  angle 
Avith  tlie  axis  of  from  118°  to  V^0°  ;  the  cell-walls  show  obscure  striae 
parallel  to  the  aperture.  The  anox  of  tlie  denticle  is  vertically  above  the 
posterior  basal  edge  of  the  second  cellule  in  advance. 

The  nearest  affinities  of  this  with  any  American  species  are  with  those 
designated  liy  mo  as  'f.  i<((i//'ftiirt'i(N  and  G .  srrrdtulK^  from  the  .shales 
at  Norman's  Kill,  near  Albany  ;  but  the  cellules  make  ,a  much  less 
angle  with  the  axis  of  the  sti]ii'.  and  the  whole  body  is  less  robust  than 
the  largvi'  specimens  of  (r.  S'i;/i/fitn'ifi.  It  bears  a  remote  reseml)lancc 
to  the  fiiiures  of  G.  iiKnt/iis  of  JJarrande,  as  given  both  by  Barrande 
and  vieinitz;  api)roachii\g  more  nearly  to  the  figures  of  G.  .s<ii/l/larins 
"^f  ITisinger,  as  given  by  Geinitz.  than  to  any  of  the  others;  though  these 
figures  give  a  higlier  angle  between  the  axis  and  the  direction  of  the 
cellules.  The  angle  made  by  the  ci'llules  of  G.  iixiitiits  with  tiie  axis, 
as  given  by  Barrande,  is  4."<"',  which  corresponds  with  our  Norman's 
Kill  specimens;  but  they  diifer  in  other  res[ieets.  The  jiresent  species 
differs  from  most  of  the  other  Canadian  speoies  in  the  straightness  of  its 
6ti[)0  ;  and  in  the  low  angle  made  Ity  the  cellules,  from  all  others,  except 
G.  litdciii'ii^. 

The  specimens  are  replaced  l)y  pyrites  in  a  dark  or  nearly  black  slate, 
and  associated  withotlier  forms  too  imperfect  to  be  identified;  one  of  them 
reseml*ling  G .  ijKdlribrachiuhiHj  and  another  (r.  hri/onoi<(cK. 
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Explanations  op  FicunEs  of  GnAPTOLiTHUs  bimilis,  Hall, 
Plate  II. 

1.  A  very  yoiinp  individual  of  this  species. 

2.  An  iiiilividiinl  somewhat  more  nintiirod. 

3.  All  oiiliugement  siiowliig  the  form  of  the  mdicle,  and  tlie  cells  near  their  origin, 

with  a  non-celliiliferous  space  between. 

4.  A  friifTiiiont  of  a  longer  stiiie,  which  is  imperfect  at  both  extremities. 

5.  An  enlargement  of  tig.  4. 

Formatiim  and  LncaUty. — Shales  of  tlic  Quebec  group  ;  three  miles 
above  the  river  St.  Anne. 
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8.  Graptolitiius  aucuatus,  Hall.  (u.  s.) 

Phito  II,  figures  0,-10. 

JDvxrr'iptinn, — Frond  con.'sistiiig  of  two  simple  widely  divergent  stipes 
proceeding  from  a  small  radicle,  and  bent  backwards  or  downwards,  mak- 
ing on  tlie  upper  side  nearly  or  more  tlian  a  right  angle  with  the  direction 
of  this  nidicle,  and  thou  curved 


cntly  upwards  ;    presenting  a  bn 


.Uy 


arcuate  stipe  gradually  expanding  in  width  from  the  base  to  the  extremity, 
and  celliiliferous  througliout  its  entire  length.  A  single  denticle,  or 
similar  process,  appears  above  tlie  rootlet.  Radicle  short,  obtusely 
jiointed.  Tlie  stipe  is  from  four  to  ten  hundredths  of  un  inch  in  width. 
Tlie  celluk\s  reach  nearly  to  the  back  of  the  stipe,  leaving  a  narrow  space 
to  be  occujiied  by  the  connnou  body.  Test  extremely  compressed  in  the 
specimens  examined,  and  towards  the  extremity  of  the  celbdes  almost 
transparent.  The  wlmlc  has  a  white  or  silvry  lustre  (pr'baldy  due  to 
i),  and  no  lines  or  stri;e  are  visilile  except  those  marking  the 


ll'oU 


pvfite 


tl 


le  s 


tiiie 


'roni  three   ai 


id  a  half  t(^  four  times  as  long  as 


separation  or  the  celhues. 

Cellules  narrow  and  very  little  expanded  towards  the  aperture,  about 
twenty  in  the  space  of  an  ineh.,  slightly  curving  upwards,  and  inclined  to 
tlie  axis  at  an  angle  <if  aliout  '•){)%  vaiyiug  a  little  with  the  curvature  and 
deve!o|iuient 

broad.  Cell-apertures  slightly  curved,  nearly  vertical  towards  the  poste- 
rior side  and  arching  towards  the  anterior  side.  The  ajtex  of  the  denticle, 
or  posterior  side  of  the  aperture,  is  vertically  above  the  base  of  the  third 
cellule  in  advance  of  it. 

In  some  specimens  the  radicle  is  broken  off,  and  there  is  a  process  on 
the  opiiosite  side,  giving  the  api'caiance  of  a  radicle  on  the  celluliferuus 
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side  of  tlie  specimen,  as  if  tlie  cellules  had  been  turned  downwards  ;  but 
this  appearance  is  fallacious.  In  examples  where  the  radicle  is  In-oken  from 
the  margin  of  the  stipe,  the  question  is  suggested  whether  it  may  have  been 
a  quadribraehiate  species ;  but  the  pointed  radicle  in  others  is  opposed 
to  the  supposition.  In  the  specimens  from  which  this  description  is  drawn, 
there  are  several  examples  of  two  individuals  lying  with  the  celluliferous 
margins  nearly  or  quite  in  juxtaposition  ;  while  the  stipes  crossing  each 
other  at  a  distant  point  may  give  an  erroneous  impression  regarding  their 
•mode  of  growth. 

On  a  cursory  examination  of  the  specimens  before  us,  this  species  is 
readily  identified  by  the  peculiar  curving  of  the  stipes ;  differing  in  this 
respect  from  all  the  bibrachiate  forms  which  have  been  observed.  In  the 
form  of  the  denticles,  or  free  portions  of  the  cellules,  this  species  a])proachcs 
(r.  patiiJus  ;  but  these  parts  arc  less  raucronatc,  and  tlie  angle  between  the 
axis  and  the  cellules  in  that  species  is  much  greater,  and  the  cellules  arc 
narrower.  Tlie  general  form  of  stipe,  except  in  its  j)eculiar  curvature, 
does  not  differ  essentially  from  some  others  previously  described  ;  but  a 
comparison  of  the  form  of  the  cellules,  their  proportionate  dimensions,  and 
angle  of  inclination,  will  suffice  to  show  its  distinctive  character. 


Explanations  of  Figuhks  of  Graptolithcs  arcdatus,  Hall. 
Plate  II. 

G.  A  stipe  of  a  small  individual,  more  than  usually  curved. 

7.  A  stipe  hiiving  a  pi'oces.^  just  above  and  o|ipo3ite  the  radicle. 

8.  A  latgcr  stipe,  the  cellules  very  clearly  preserved. 

9.  A  specimen  showing  the  stipes  on  both  sides  of  the  radicle,  and  preserving  their 

|)eculiar  curvature  very  perfectly. 

10.  An  enlargeuieut  of  a  portion  of  one  of  the  stipes. 

Formation  and  LocaUty. — Shales  of  the  Quebec  group  ;  Point  Levis. 


9.    GlUPTOLITIIUS   EXTENSUS,  Hall. 


If''    '  ' 

i 


Plate  II,  figures  11-lG. 

(G.  EXTENSCS,  Hall :  Geological  Survey  of  Canada,  Report  for  1857,  jiaac  132.) 

Dcscri/itl'in. — Frond  consisting  of  two  simple  linear  very  slender 
stipes,  which  diverge  at  right  angles  to  tl.e  direction  of  tlie  miiiutu  radicle, 
and  lie  in  the  same  plane.  Stijie  near  the  radicle  one  fiftieth  of  an  inch 
in  diameter,  and  at  a  distance  of  four  inches  from  the  railicle,  one  tenth  of 
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an  incli  in  diametor.  Fragments  of  sirglc  stipes  have  heen  observed, 
having  a  length  of  six  or  seven  inches,  with  a  Avidth  not  exceeding  that  given 
above.  SurtUcc  usually  smooth ;  the  strife  formed  by  the  cell-partitions 
sometimes  visible  ;  the  back  of  the  stipe  somewhat  thickened,  and  about 
one  fourth  of  the  width  occupied  by  the  common  body. 

Cellules  short  and  comparatively  broad,  very  sliglitly  curved  ;  about 
twenty-four  in  the  space  of  an  inch,  and  making  with  the  axis  an  angle 
of  about  40°.  Margins  of  the  aperture  truncate,  making  an  angle  of 
08°  with  the  axis  :  one  third  or  more  of  the  cellule  is  free  ;  and  near  the 
radicle,  one  half  of  the  length  of  the  cellule  is  free.  The  partitions  are 
distinctly  visible  in  well-preserved  specimens ;  but  in  most  instances  they 
are  obscure. 

In  this  collection,  the  specimens  arc  mostly  upon  weathered  surfaces  of 
the  shite  ;  the  su'istancc  is  often  partially  removed,  and  no  good  inijtressions 
arc  preserviMl.    This  species  is  most  nearly  allied  to  (J.  simUia,  but  is  always 
more  slender  near  the  base  :  the  serratures  are  more  distinct  in  smaller 
stipes,  and  the  angle  of  the  collides  with  the  axis  is  much  greater  ;  while  fho 
angle  formed  by  tlie  cell-aperture  with  the  axis  is  much  less  than  in  that 
one.     It  dirt'ers  etpuilly  from  the  allied  European  forms,  m  some  respects 
approaching  the  (r.  s(i;/ittarius  as  represented  by  Geinitz  (Grajttolithen, 
etc.,  pi.  ii,  tig.  4)  ;  but  it  has  more  the  aspect  of  G.  JVllssoni  (fig.  17 
of  same  phitc).     It  differs  essentially  however  from  (r.  Nllsiioni  as  repre- 
sented  by  JJarramle  (Graptolites   de  Boheme,  pi.  ii,  figs.  IG  and  17), 
and   from    the  tigs.    19    caid    i>l    of  Gehiitz,  which   our   si)ecies    never 
approaches  in  any  stage  of  growth.     In  our  specimens  Ave  see  tlie  con- 
nexion of  the  stijies  with  the  radicle,  and  trace  them  continuously  ior  four 
or  five  inches  ;  and  in  separated  fragments,  Ave  have  specimens  six  or  -".ven 
inehes  long.     None  of  these  offer  an  ajiproximation  in  variations  ot   i  rm 
and  proportiounl  distance  of  cellules,  to  those  represented    by    Gciiiitz 
as  different  pliascs  of  (7.  Nilssoni.     We  may  add,  that  if  such  differences 
exist  in  the  same  species,  we  have  then  no  means  of  fixing  the  limits  of 
specific  vari;iti<>H,  or  of  determining  the  species  among  gra}a<jili,es  of  this 
cl'.aracter,  from  the  separated  fragments.     The  comparatively  large  number 
of  specimens  in  the  Canadian  collection  affords  good  means  of  specific  deter- 
mination for  many  of  the  forms;  and  unless  Ave  could  find  upon  the  same 
stipe,  evidences  of  such   variation,  Ave  should   hesitate   to  consider  the 
different  varieties  as  one  species. 

The  (f.  Xllss'iiii,  as  figured  by  llarkness  (Qnart.  Jour.  Geol.  ^oc.  vol. 
vii,  p.  tL',  pi.  i ),  dilfers  from  our  species,  and  more  nearly  resemljles  the 
figures  of  liarrandc. 
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Explanations  ov  Fiqurks  of  Ghai-tohtiius  extessus,  Hall. 
Plate  II. 

11.  A  single  stipe  more  than   four  inches  long,  ^yith   the  radicle  and  inir',  ol'  the 

opposite  stipe. 

12.  A  fragment  showing  a  part  of  the  stipe  on  oncli  side  of  the  radicle,  natnral  size. 

13.  Tlie  radicle  and  adjacent  cellules,  enlarged  from  lig.  12. 

14.  An  enlargement  of  tig.  12  at  a  jioint  abont  two  inches  from  the  radicle. 

1j.  a  fragment  of  a  stipe  where  tlic  collnlej  arc  distended  by  iron  pyrites.     This 

fnigment  may  belong  to  a  different  species. 
IG.  An  L    ,  ,rgemei:t  from  lig.  13. 

Fori/iat'ou  and  liocaliti/. — Shales  of  the  Quebec  group  ;  Point  Levis. 
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i.0.    GUAl'TOLITIIl  S   I'KXN'ATrLUf^,   Hall.    (n.  s.) 

Plate  III,  figures  1-8  ;  and  Plato  V,  figure  9. 
Di'ficription. — Froml  consisting  of  two  stipes,  which  diverge  rectangu- 


larl 


V,  or  are  more  or  less  ascending  from  a  small  radicle.     k>ti|ies  narn)W 


at  the  hase,  gradually  or  rapidly  iucivasing  in  width  for  about  two  thirds  of 
their  length.  At  the  base  they  measure  not  more  than  three  nv  fourlnnt- 
dredths  of  an  inch,  and  increase  to  one  tenth  of  an  inch  in  the  narrower  indi- 
viduals ;  wliile  the  -videst  observed  is  three  tenths  of  an  inch  at  one  third  of 
the  length  from  the  ba.se,  beyond  whieli  point  it  is  somewhat  narrower.  They 
are  all  mon;  or  less  contracted  towards  the  distal  extremity,  curveil  on  the 
celluliferous  side,  and  nearly  straight  on  the  back  :  the  tenninal  cellules  are 
developed  in  a  line  nearly  ])arallel  with  the  axis.  The  proportion  of  the 
stipe  occupied  by  the  connnon  body  is  from  one  seventh  to  one  fum-th  of 
the  entire  width.  The  test  is  a)»i)arently  smooth  ;  that  of  the  back  of  the 
stipe  and  jiartitions  of  the  cells  seems  to  be  considerably  thicker  than  the 
outer  walls  of  the  celhdes. 

The  celhdes,  when  tully  developed,  are  long,  narrow,  and  curved  up- 


ivards 


makm;'  an  an'Mo  wi 


th  tl 


axis  of  from  oO    to  4<J    in  dilfert'iit  indi- 


viduals at  the  base  of  the  cellules,  and  as  hiLdi  as  70" 


m  the  otiter  part  of 


some  of  them ;  while  the  average  angle,  taking  a  line  from  the  base  to  the  point 
of  the  cellide.  is  from  oO"-  lu  'u".  The  liiic  of  the  aperture  is  curved  :  the 
pellicle  forming  the  ecH-walls  extends  ab^ng  the  posterior  side  of  the  cell- 
partition  next  in  advance,  the  line  of  aperture  making  an  angle  with  the 


axis    of   from    110'  to  120' 


ihile    the    extremity  of    the    denticle 


IS 


mucronatc.     Tiie  fully-developed  cellvdes  have   a  length   of  eight  times 
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their  vidtli ;  and  in  the  narrower  sti[)09,  tlie  length  of  the  colhilc  is 
about  five  tiuierf  the  vidtli.  Tlioro  are  from  twenty-four  to  thirty-two 
cellules  hi  the  space  if  an  hieh :  (the  .speeimen  having  thirty-two  in 
an  inch  in  a  young  uidividiial,  in  which  the  cellules  are  more  crowded, 
and  not  fully  developed.)  The  apex  of  the  denticle  is  vertically  above 
the  base  of  the  fourth  or  fifth  cellule  in  advance,  vaiying  in  the  narrower 
stipes  to  the  third  cellule  in  advance. 

This  species  dift'ers  from  all  the  others  described,  except  G.  hijidus ; 
and  this  it  very  nmch  resembles  in  the  young  individuals.  There  is  an 
absence  of  pustules  at  the  Ijase  of  the  cell-partitions,  with  a  greater  thick- 
Ciiing  of  these  partit'ons,  and  the  denticles  are  usually  more  mucronato. 
If  uniformity  in  the  divergence  of  the  stipes  can  be  relied  upon,  this  char- 
acter will  aid  in  dis'^inguishing  the  s])ecies  ;  but  this  feature  may  vary  from 
accident,  as  in  one  specimen  figured,  which  appears  to  have  been  broken  in 
one  of  tl;c  stipes.  This  species  is  remarkable  for  the  great  dcvelopiuent 
in  the  width  of  the  stipes,  which,  in  their  extremely  compressed  condition, 
have  tlie  appearance  of  feathers  iml)edded  in  the  shale. 

The  specimens  from  which  these  figures  have  been  drawn,  present  the 
fossil  in  a  very  unsatisfactory  condition  ;  and  farther  collections  may  show 
the  necessity  of  separating  some  of  the  narrower  forms  under  another 
specific  designation. 

Explanations)  of  Figures  op  GiiAi'iOLinii.s  i-ennatulis,  Hall. 

Plate  III. 

1.  A  young  specimen  willi  tlio  minuto  rmliolc,  tiie  stipes  diverging  iilraost  liorizon- 

tnlly,  <ir  rccliingiilurly  to  the  raiiicU'. 

2.  A  yonng  specimen  witli  i^ii;  stipe  eniiie,  and  a  pni't  of  the  other,  less  divergent 

than  lig.  1. 

3.  A  single  iiiipeifoct  stiiie  of  a  young  or  half-grown  individual,  which  is  narrower 

than  iisinil. 

4.  A  larger  stipe,  which  is  entire  from  tlio  hasu  to  the  apex. 

5.  A  large  or  full-grown  single  stipe,  which  is  nearly  entire. 

G.  An  enlargement  to  three  diameters  from  lig.  4,  showing  t''e  form  ftnd  proportion 
of  the  cellule-!,  and  cell-denticles. 

7.  An  enlargement  to  the  same  degree  as  the  ))receding,  from  lig.  5. 

8.  A  young  specimen  where  the  stipes  arc  twisted  near  the  base,  giving  an  appearance 

as  if  the  serrations  were  on  the  outer  or  lower  side  in  relation  to  the  direction 
of  the  radicle. 

Platb  Y. 

9.  A  single  stipe  of  this  species?    The  specimen  is  a  large  stipe,  somewhat  obscurely 

jireserved  upon  the  surface  of  a  sla')  of  slate,  with  G.  cxtensus,  (i.  bnjun- 
oiilcK,  and  I'/ii/Uminiplus  ilicifolius.  It  is  trom  tne  same  locality  with 
(i.  hijiihiit  m  i\uii;  Lt'ivis.  In  the  form  of  the  stipe,  and  its  gradual  diminu- 
tion towardi'  tlie  distal  extremity,  as  well  as  in  the  absence  of  visible  \n\3- 
tnles  ut  the  Uu<i  of  he  cellules,  it  has  the  habit  of  (>.  pcniwtuliis.  Heing 
the  only  individi.'.tl  observed  from  this  locality,  and  the  resemblance  to 
(i.  Itijhlus  being  very  close,  1  have  referred  it  with  much  hesitation  to 
G.  pennatulus. 
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Formatiivi  and  Localities. — Shales  of  the  Quebec  group  ;  tliree  miles 
above  river  St.  Anne,  micl  at  Point  L<ivis. 


i 


11.    GrAPTOLITIIUS   nRYOXOIDES,*   Ilall. 

Plate  IV,  figures  1-11 ;  PI.  Ill,  figs.  11, 12  (?)  ;  PI.  VI,  fig.  4  (?). 

(G.  BUYONOiDES,  Hiill :  Gcolo^iral  Survey  of  Canada,  Report  for  1857,  page  126.  Fucoides 
semi,  Broiigniiu't,  Vegdtaux  FossUes,  vol.  i,  page  71,  1828.) 


Description. — Frond  consisting  of  four  simple  stipes,  united  in  rairs  at 
their  buses,  aid  connected  by  a  short  funiclo  of  variable  length.  iVoui  the 
coiitro  ot  which  proceeds  a  minute  poi)ited  radicle.  The  stipes  diverge  at 
Vf^  ^  I-  nuijilos  (dependent  probably  on  distortion  from  pressure)  :  narrow 
at  I  i^-'ir  oj'igin,  and  abruptly  e.vpanding  above,  they  acquire  their  full  width 
within  *  K  '  stance  of  three  or  four  cellules,  and  maintain  the  same  through- 
out then-  leiigtli  to  near  the  distal  extremity,  which  is  somewhat  abruptly 
rounded  and  occupied  l)y  the  partially-developc<l  collides.  The  full  width 
of  the  stipes  in  young  individuals  is  often  not  more  than  one  twelfth  of  an 
inch,  and  in  mature  specimens  about  one  seventh  of  an  inch ;  the  base 
having  a  diameter  of  not  more  than  two  or  three  hundredths  of  an  inch. 
The  connnonliody  occupies  a  very  narrow  space,  and  the  solid  axis  is  strongly 
defined  in  the  tlattened  specimens.  The  substance  of  the  stipe  or  pellicle 
is  quite  thin  and  apparently  smooth,  the  only  markings  visible  being  the 
obli([ue  stn;e  made  by  the  cell-partitions. 

Cellules  elongate,  of  medium  width,  somewhat  curved,  and  in  the  fully- 
develoiied  condition  about  four  tin'cs  as  long  as  wide,  making  an  angle 
of  from  40^  to  oO^  with  the  axis  ;  free  for  al)out  one  fourth  of  tlreir  length  ; 
about  from  twenty  to  twenty-f<jur  in  the  sjiace  of  an  inch,  varying  in  differ- 
ent individuals  and  in  different  stages  of  growth.  Aperture  curved, 
making  an  angle  of  about  110^  with  rb,e  axis  ;   the  cell-denticles  pointed, 


*  I  hiive  littk'  doubt  tliiU  lliis  species  is  iilciitical  with  Fi^roiV/cs  scrra  of  Brongninrt 
(Veg;.  Fossiles,  ji.  7ii,  1828).  Tiie  locality  of  tlint  species  is  "  I'olnte  Levi  prcs  Quebec," 
wliicli  is  tlie  same  with  tlmt  of  G.  bryoiioi.des  :  iind  the  fi|^iires  of  Brongninrt  correspond 
with  (igs.  9  uiul  10  of  plate  4  of  this  memoir.  Tiie  Furoides  deiitatus  of  the  same 
author  is  also  probably  identical  with  G.  prist iitifurmis  of  this  memoir,  being  from  tlie 
same  I'vality.  It  is  only  since  tliese  descriptions  have  been  in  print,  and  publislied 
references  made  to  tliem,  that  I  have  discovered  tliis  identity,  or  I  would  liave  pro- 
jiosed  to  substitute  tlic  speeilic  names  of  lirongp.iiul  for  tiiose  given  by  me  in  1857. 
I  lake  the  lirst  opi)urtunily  of  making  the  correction. 
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and  slightly  curved  forward :  cell-partitions  usually  ■well  marked,  and 
near  the  base,  making  a  much  less  angle  with  the  axis  than  towards  the 
aperture. 

When  the  funiclc  is  broken,  this  species  sometimes  occurs  like  the  bi- 
brachiatc  forms,  as  in  fig.  5  of  plate  iv,  and  in  that  condition  bears  some 
resemblance  to  Gi.  nitidus  ;  but  its  stipes  arc  wider,  its  habit  more  robust, 
the  cellules  more  curved,  making  a  greater  angle  with  the  axis  ;  the  den- 
ticles coarser  and  more  ctjuilateral,  and  usually  mucronate  or  sub-mucro- 
nato.  No  pustules  at  the  base  of  the  cell-partitions,  as  in  Cr.  vitiihis, 
have  been  observed  in  this  species.  There  is  also  a  resemblance  between 
Gr.  patiilus  and  this  species  ;  but  in  that  one  the  stipes  are  usually  more 
slender,  the  denticles  more  mucronate,  the  curve  of  the  aperture  much 
greater,  and  the  cells  make  a  much  greater  angle  with  the  axis. 

This  species  is  associated  in  the  same  shales  with  Gr.  nitidus,  G-.  exten- 
sus,  GI-.  coHHtrictus,  and  PhijUoi)raptus  ilicifolius.  I  have  united  with 
this  species  the  specimen  represented  in  figs.  9  and  10,  of  plate  iv,  though 
it  presents  variations  in  some  of  its  characters.  A  small  portion  of  one  of  the 
stipes  near  thi  base  of  this  shows  a  number  of  cellules  or  serratures  equal 
to  twenty-six  in  the  s\  aco  of  an  inch.  Its  affinities  are  more  nearly  with 
Gr.  bri/onoidea  than  Avith  any  other  ;  and  having  but  this  individual,  I  refer 
it  for  the  present  to  that  species. 


Explanations  op  Figuhes  of  Graptolithcs  bryonoides,  Ilall. 


Plate  IV. 


I,  2,  3.  Young  inilividudls  of  this  species. 

4.  An  older  individual. 

5.  A  young  specimen  preserving  two  of  the  stipes,  the  funicle  having  been  broken. 

6.  An  enlargement  from  fig.  1,  shoving  the  radicle,  funicle,  and  origin  of  tl-.e  four 

stipes,  with  a  few  of  the  earlier  cellules. 

7.  An  older  and  larger  specimen. 

8    An  enlargement  showing  the  character  and  proportions  of  the  cellules, 
t).  A  small   inJividuiil,  preserving  the  four  stipes  in  part,  which  are  somewhat  more 
slender  than  the  usual  forms  of  this  species. 

10.  An  enliirgement  of  the  base  of  the  sjiecimen,  showing  the  cell-denticles  on  one 

of  the  stipes,  and  a  proportionally  longer  tV.nicle  than  in  fig.  8. 

II.  An  extremely  elongated  stipe,  the  lower  cud   showing   thj   commencement  of 

growth  ;  the  distal  extremity  is  broken. 

Platk  III. 

11.  A  fragment  of  a  stipe  from  the  rough  shales,  with  Phylloerraptus  ilicifoliut.   In  the 

character  of  the  cell-denticles  it  resembles  the  specimen  pi,  i",  tig.  9,  and 
with  that  one  may  ccnistitute  a  distinct  3|)ecies. 

12.  An  enlargement  of  a  part  ot  the  dpecimeu  tig.  11. 
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4.  A  fioinl  ill  wliicli  tlirco  of  llio  stipi'S,  iinil  llic  base  of  tlic  fourth,  arc  preserved.  Tlio 
specimoii  shuwa  Bomo  pticiiliarity  in  tlio  uuiuii  of  tliu  parts  by  tliu  aloiuler 
fiiiiiclo. 

Foniidtion  ami  LocitUtii's. — Slialo3  of  the  (iuel)ec  grouit ;  roint  L<jvi3, 
Gro3  Maulo,  ami  river  St.  Anne. 


12.   GUAI'TOLITUUS  BllJSUYI,  Hall. 


riate  XVI,  fimires  22-30. 


(I'liYi.i.ocitAi'Trs  siMH.isi,  Hall :  (Meolot!;ic<il  Survry  of  Camiiln,  F{r|i(ir''  for  18,')",  pnpo  110. 
Compare  lyi'li/mugrapius  caduccus,  Salter:  (^uitrlerhj  Jourmd  of  the  Gtul.  Society, 
vol.  i\,  p.  87.) 

Dcscn'pfloii. — Frond  broadly  oval  or  stib-oval,  conslstiii:;  of  four  aome- 
wliat  S(.Mui-i'Hi]>tioal  sti()os,  which  arc  lu-arly  stnujz;ht  or  slightly  curvtMl  on 
the  nou-i'(.'lhiliforoiis  margin,  ami  broadly  curved  on  the  celluliferoiis  yide ; 
all  closely  \;nitcd  at  the  base  in  a  radicle  (?),  and  tVom  which  they  arc 
abruptly  n  curved.  Those  stipes  are  more  frei|ueiitly  distinct  at  the 
apex,  wlule  in  some  individuals  they  are  in  contact  or  apparently 
wiited  at  that  point,  btit  always  separated  in  the  centre  for  a  dis- 
tance of  three  fourths  their  length.  Kiitire  length  of  specimens  from 
four  to  six  tenths  of  an  inch,  and  width  three  tenths  of  an  inch,  excln- 
«ve  of  the  denticles.  The  individual  stipes,  in  tlu'  centre  of  their  length, 
are  twehe  hundredths  of  an  inch  wide.  Radicle  undetermined.  Celhdos 
from  tliii'ty-two  to  thirty-si.x  in  the  space  of  an  inch,  narrow  at  the  base, 
gracUially  ascending  and  curving  outwards,  except  those  near  ^ho  base, 
which  are  recurved  :  cell-margins  curved,  and  extended  in  umcnmatt^  points, 
•\vhi'-h  are  the  continuation  of  the  cell-partitions.  Test  thin  and  smooth, 
with  the  exception  of  the  cell-partitions. 

This  species  presents  a  great  variety  of  aspects,  and  the  most  critical 
examination  has  left  some  doubt  as  to  its  original  mode  of  growth.  The 
more  perfect  specimens  are  broadly  oval,  the  diameters  about  as  three  to 
four ;  and  where  the  stipes  are  apparently  conjoined,  at  the  two  extremi- 
ties, there  is  a  vacant  space  in  the  centre  (^extending  about  three  fourths  of 
the  length,  and  from  six  to  eight  hundredths  of  an  inch  in  width),  except 
that  some  portions  of  one  or  both  the  other  stipes  are  visible.  In  one  or 
two  individuals,  there  is  a  linear  body  extending  longitudinally  through  this 
space,  w'.iich  may  have  been  oiiginall}'  the  u.^is ;  but  its  relations  cannot 
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bo  (letevmined.  Examinations  have  failed  to  exliilnt  any  satisfactory 
cvi<lenoe.s  of  the  existence  of  a  radicle.  In  most  of  the  siiecinieus  the 
stipes  arc  united  at  one  extremity  and  free  at  tlie/jtlicr  ;  wliile  tlnir  curva- 
ture is  such,  tiuit  if  continued,  they  would  meet.  In  these  speciinenM  the 
four  stipes  are  often  distinctly  seen,  two  usually  showin;^  the  non-celluli- 
ferous  margins  ;  while  sometimea  three,  and  rarely  the  four  stipes  show  the 
ceilulifcmus  margins. 

Tlie  individuals  are  extremely  numerous,  hut  in  almost  all  instances  the 
characters  arc  more  or  less  obscured  hy  the  stipes  heing  slightly  separated 
hy  intervening  laminic  of  slate,  or  \>y  the  weathering  of  the  surface.  On 
a  singh'  piece  of  slate  of  ahout  a  foot  long  hy  six  inches  wide,  there  are 
more  than  one  huiidred  in<lividuals  ;  hut  nearly  all  of  these  are  so  ohscured 
by  weatliering,  that  tliey  afford  little  means  of  determining  the  characters  or 
mode  of  growth.  In  tlu;  whole  collection,  there  are  not  more  tlian  one  or 
two  spcc'rcs  of  which  the  individuals  are  more  numerous  than  of  this,  and 
in  no  otiu  r  are  the  characters  so  indistinct. 

From  the  deep  curving  celhiles  and  broad  stipes,  which  arc  often  appa- 
rently conjoined  at  the  apex,  T  liavc  suj)posed  that  they  may,  at  some  period 
of  growth,  have  been  joined  along  tlie  non-celluliferous  side  for  the  entire 
length.  On  this  account,  I  had  originally  referred  the  species  to  the 
genus  J'/ij/lloi/rajitus. 

In  some  of  the  specimens,  where  two  of  the  stipes  are  spreading,  and 
show  tin"  celluliferous  margins,  the  non-celluliferous  face  of  a  third  stipe 
often  stands  vertically  between  them,  like  a  stem.  These  forms  resemiilc 
the  Grii/>t"IU/nis  caih(C('Ui<  of  Salter,  which  was  obtained  by  l^r.  ]>igsbv 
from  "  the  Lauzon  Precipice,"*  and  I  have  hesitated  hi  regard  to  making 
of  these  a  new  species.  The  name  of  J'/u/llni/raptiiif  simih's  was  a])plied  to 
such  f()rni<  as  figs.  2(),  21>,  and  ;}0  ;  but  when  it  became  apparent  that  all  the 
other  varieties  of  form  must  be  referred  to  the  same,  it  was  necessary  to 
remove  it  from  that  genus ;  and  since  I  had  already  named  another  spe- 
cies Orit/itolithns  Himili-i,  I  take  great  pleasure  in  dedicating  this  to  Dr. 
J.  J.  Bigsby,  who  early  explored  the  geology  of  the  northern  portion  of 
our  continent,  and  who,  in  later  years,  has  never  ceased  to  interest  himself 
in  American  geology,  and  to  aid  in  its  progress. 

Exi'LANATIONS  OF   FlOUllES   OF   GrAI'TOLITIII'3    BiGSBVI,  Ihlll. 

Platk  XVI. 

-2,  '23,   mill   24   illustrate   ti   common  condition  of  this  species,   where  two  of  the 
divisions  show  the  lateral  faces,    while    the    uon-celluliferoiis    edge  of  a 

*  This  lociilit}'  is  probably  the  same  with  that  which  has  furnished  tho  fjrentir  part 
of  tlK  gr'.iptolites  here  described;  tlie  precipitous  heights  of  Point  Lc^ia  beiuj  in  ihe 
seigniory  of  Lauzon. 
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third  division  is  seen  lying    nenrly  verticHlIy  ia  relation  to  these.     The 

fourth  ilivision  lias  been  broliun  off  in  tlie  bepanvted  film  of  slato. 
25.     A  siiec'inieu   showing  tlie  laterr    'aces  of  two  dlvisiions.    Uelow  tlieso,  in  the 

shnle,  nrc  seen  tlio  nori-celliiL      oiis  edges  of  the  two  other  division.-^. 
29   imd   30  show  a   still   closer  arnuigeracnt   of  the   parts,  and   the  contiguity  •)} 

the  non-celhiUfcrous  edges  at  the   apices,  which   are  scarcely  prrceptiLlr 

si'i'iiratcd  in  the  shale. 
2C.     An  individual  where  tlie  apices  of  the  divisions  are  in  contact,  either  conjoined, 

or  accidentally  so  placed,  with  a  narrow  space  in  the  centre.     In  obacure 

specimens  it  is  difficult  to  se;iftrate,siu-li  forms  from  P/ij///o^'r«;)/«». 

27.  An  individual  wiiero  the  divisions  arc  ecjually  spreading  :  one  of  them  preserv- 

ing only  the  base  of  the  stipe. 

28.  The  same  enlarged. 

Formation  and  Locality. — Slialcs  of  the  Queljcc  group ;  Point  Levis. 


I 
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13.  Graptolitiiis  denticulatus,  Hall. 
Plate  IV,  figures  12-10. 

(G.  DENTiccLATUs  :  Geological  Survey  of  Canada,  Report  for  1857,  page  132.) 

Drxcripti'm. — Froiul  c^iWistiu;.;  of  four  simple  stipes  procediu^'  fv^m  a 
simple  railicle.  Stipcr'  h'l  tiuiy  ..sceuiliug  at  tlicir  origin,  but  immediately 
and  strongly  recuvved,  :i^nm  bcudiug  gently  upwards  from  the  middle  to- 
ward-: th'>  e.Ktremitics  ;  slcnd.M'  at  the  origin,  and  gradually  expaiiding  to  a 
wid:h  of  from  nine  to  twelve  hundreilths  of  an  inch  (e.Kclusivc  of  the  den- 
ticles), wuich  it  almost  uniformly  maintains.  Substance  of  the  stipe  ex- 
tremely thin,  and  nrarked  on  each  margin  by  a  linear  filiform  ridge,  like  the 
ordinary  solid  axes  of  these  bodies.  In  the  impressions  left  on  tlie  removal 
of  the  substance,  each  margin  shows  a  continuous  filiform  groove  in  the 
place  of  the  thickened  or  solid  margin  of  the  stipe ;  the  groove  on  the 
celluliforous  or  denticulate  side  bcnn';  much  st;'(  vi  jcr  than  that  on  the  back 
of  the  stipe.  Surface  apparently  smooth  throughout.  Cellules  consisting 
of  small  mucronate  e(pii!ateral  denticles,  placed  vertically  on  the  margin 
of  the  Tstipe,  and  rising  immediately  from  tlie  thickened  solid  edge :  den- 
ticles spreading  below,  slightly  curvhig,  and  united  at  their  bases  by  a  tiiin 
pellicle  ;  varying  in  their  distance  on  difterent  j^arts  of  the  stipe,  and 
aiiparently  in  different  stages  of  growth  ;  sometimes  twenty-four  in  the  space 
of  an  inch,  near  their  origin,  while  elsewhere  the  average  numl)cr  is  from 
eiirhteen  to  twenty ;  the  lower  number  niarking  the  strongest  stipes  measured. 

This  species  is  very  ]ioculiar,  differing  nut  oidy  from  the  assdeiated 
species,   but    from   all    others    ia    the    arriUjgement    of    its   diMiiicles. 
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llio  specimen  originally  d  scrilicd  under  this  name  is  a  fragment  (pi.  iv, 
fig.  14),  consisting  mainly  of  an  imprint  in  the  shale,  the  substance 
of  the  fossil  l)oing  preserved  in  snino  parts.  The  solid  axis  on  the 
lenticr.luto  margin  is  clearly  defined  in  the  impression,  and  in  sorav 
places  the  sul stance  remains,  and  is  expamled  at  each  denticle  on  tlie  upjjer 
side  so  as  to  occupy  the  base  of  each  dej)ression.  The  cellules  terminate 
hi  so  minute  a  point  that  no  ajjerturc  is  visible  ;  but  in  a  longitudinal  divi- 
sion of  some  of  them,  they  appear  to  have  l)een  hollow  tubes.  The  back  of 
the  stipe  is  clearly  marked  ( as  is  usual  in  the  graptolitea")  by  the  presence 
of  a  distinct  solid  axis,  which  in  no  respect  differs  from  ridtfc  on  the 

opposite  margin,  except  that  the  latter  extends  into  tb 

A  fiuther  study  of  tiie  collection  has  showa  that  «•>.  . 
in  weathered  shab  are  of  the  same  species.  These  im 
retain  portions  of  the  pellicl'  ,  and  the  form  of  the  <;elluli 
they  reveal  moreover  the  mode  of  growth,  as  shown  in  figs.  12  and  13 
of  pi.  iv ;  thus  indicating  their  relation  in  this  respect  to  G.  firi/unoklea 
and(T.  ifiaiiribrufhiafiis.  The  recurved  position  of  the  stipes  is  o  feature 
of  G.  hn/onoides,  but  less  extreme  than  hi  this  one.  This  species  may  be 
readily  identified  by  the  pointed  cellules,  vertical  to  the  axis,  whieli  appear 
to  be  entirely  separated  from  the  commi  ••.  body,  except  in  well-preserved 
portions,  where  in  a  few  examples  they  are  shown  tw  be  connecteil  at  the 
base  by  a  continuation  of  the  cell-wall  above  the  solid  axis. 


f  the  cellules. 

imprints 

o\v  points, 

\\A\  [ireserved ; 
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Explanations  or  Fiqciies  ov  Graptolitiius  dbxticulatcs,  Hall. 

Plate  IV. 

12.  A  smiiU  imperfect  specltnen,  preserving  three  of  tlie  stipes. 

13.  A  larger  and  more  nearly  entire  specimen,  sliowiug  t!io  four  stipes.   Their  junction 

at  tile  base  is  not  quite  satisfactorily  slio.vn. 

14.  A  jiart  of  a  single  sti[)e,  in  which  the  cellules  are  well  shown  on  one  i)art ;  while 

they  are  compressed  and  nearly  obliterated  on  the  left  of  the  curve. 

15.  An  impresssion  of  a  i)art  of  a  stipe  wliich  is  ne.irly  straight;  the  imprint  of  the 

a.xes  or  thickened  margins  is  not  defined. 
10.  An  enlargement  from  figure  14,  showing  the  f()riu  of  the  cell-denticles,  niid  the 
strong  marginal  axes  ;  one  portion  represealed  with  the  substance  remaining, 
and  the  other  as  aa  imprint. 

Formation  and  LocaUty. — Shales  of  the  Quebec  group  ;  Point  Li^"-is. 
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14.  Graptolitiius  fruticosus,  Hall. 
Plate  V,  figures  6-8  ;  and  Plate  VI,  figures  1-3. 

(G.  FRnTicosrs  :,  Geological  Survey  of  Canada,  Report  for  1857,  page  128.) 

Besenptioii. — Frond  consisting  of  two  pairs  of  ascending  and  slightly 
curved  stipes  arising  from  the  two  sides  of  a  long  slender  radicle,  which  is 
divided  above :  the  stipes  arc  cellulifei'ous  on  the  inner  or  adjacent  mar- 
gins, little  divergent  at  the  bifurcation,  and  continuing  for  a  half  or  two 
thirds  of  their  length  nearly  straight ;  above  this  they  curve  gently  outwards, 
presenting,  when  not  distorted,  a  very  beautiful  and  symmetrical  form.  The 
stipes  gradually  increase  in  width  from  their  origin,  being  at  the  base  one 
fiftieth  of  an  inch,  and  in  the  widest  part  one  twelfth  of  an  inch,  exclusive 
of  the  denticle.  The  proportion  of  the  stipe  occupied  by  the  common  body 
is  extremely  narrow. 

Surface  smooth,  or  with  scarcely  visible  strife  at  the  lines  of  the  cell- 
partitions:  axis  very  slender ;  test  thin  and  fragile.  Radicle  half  an  inch 
in  length.  Cellules  short  and  broad,  making  an  angle  with  the  axis  of 
about  88°;  the  length  from  two  to  three  times  the  diameter,  and  free  from 
a  third  to  a  half  of  the  entire  length,  according  to  their  development ; 
variably  curving  in  diiferent  parts  of  the  stipe.  Aperture  wide,  apex  pointed, 
scarcely  mucrouate,  and  sometimes  acutely  rounded.  About  fifteen  cellules 
in  the  space  of  an  inch,  varying  slightly  in  diflerent  parts  of  the  stipe  :  near 
the  base  the  serrature  or  length  of  the  denticle  is  equal  to  the  width  of  the 
stipe,  while  in  the  wider  portions  it  is  less  than  half  the  width  of  the  stipe. 

This  species,  in  all  the  examples  that  have  been  observed,  is  a  very 
distinct  and  easily  recognized  form.  Wlierever  the  radicle  is  preserved, 
it  is  longer  than  in  any  of  the  other  species :  this  part  bifurcates  above, 
and  the  divisions,  moderately  diverging,  represent  what  I  have  termed  the 
funicle  in  the  quadribrachiate  forms ;  from  each  extremity  of  this,  the 
stipes  originate.  All  the  divisions  are  little  divergent,  and  the  frond  grows 
upwards  like  a  small  shrub.  The  form  of  the  cellules  differs  from  other 
species  here  described,  except  perhaps  (r.  hidentus,  Avhich  is  readily  dis- 
tinguished in  its  mode  of  growth,  as  Avell  as  by  other  characteristics. 


Explanations  op  FiaunKS  op  Graptolituds  frcticosus,  Hall. 
Plate  V. 

C.     A  small  indivi'liial  with  the  radicle  and  extremities  of  the  stipes  broken  off. 

7.  An  enlargement  from  fig.  G.     The  serratures  are  either  imperfect  or  shrunken, 

ami  do  not  present  the  ciiaractors  seen  in  better-preserved  specimens. 

8.  An  individual  nearly  entire,  but  badly  preserved  iu  the  outline  of  its  parts. 
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Plate  VI. 

1.  A  fragment  showing  two  of  the  stipes  entire,  and  the  bases  of  two  others ;  the 

radicle  extending  to  the  margin  of  tlie  specimen. 

2.  A  specimen  preserving  three  of  the  stipes,  one  of  tliem  entire,  and  showing  some 

irregularities  in  the  bifurcation  where  the  one  is  broken  off. 

3.  An  enlargement  of  the  right-hand  stipe  of  the  specimen  fig.  1. 

Formation  and  Localities. — Shales  of  the  Quebec  group ;  at  the  upper 
end  of  Orleans  Island,  and  three  miles  above  river  St.  Anne. 
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15.  Graptolithus  quadkibrachiatus,  Hall. 
Plate  V,  figures  1-5 ;  and  Plate  VI,  figures  5,  6. 

(G.  QUADniBRACHiATUS,  Hall  :  Geological  Survey  of  Canada^  Report  for  ISST,  page  125.) 

Description. — Frond  composed  of  four  simple  undivided  stipes  arranged 
bilaterally,  or  two  proceeding  from  each  extremity  of  the  funicle.  Stipes 
slender,  very  gradually  increasing  in  width  from  their  origin,  as  far  as  traced ; 
usually  straight,  sometimes  slightly  curved  ;  Avidth  from  two  to  four  hun- 
dredths of  an  inch  at  the  base,  and  in  the  most  perfect  examples,  nine 
hundredths  of  an  inch  at  the  widest  part.  The  back  of  the  stipe  is  marked 
by  a  filiform  axis,  and  there  is  scarcely  more  space  occupied  by  the  common 
body.  Test  thin,  though  well  preserved  in  the  finer  shales.  Surface  of 
cell-walls  distinctly  striated  parallel  to  the  apertures,  and  the  cell-partitions 
visible  nearly  to  the  back  of  the  stipe. 

Cellules  narrow,  scarcely  curving,  and  slightly  expanding  towards  the 
aperture,  making  an  angle  Avith  the  axis  of  about  38°  ;  the  length  e(|aal 
to  about  four  diameters,  the  free  portion  being  from  one  third  to  two 
fifths  their  entire  length.  The  margin  of  the  aperture  is  nearly  straight, 
or  very  slightly  curved,  making  an  angle  of  from  95°  to  100°  with  the 
axis.  The  number  of  cellules  in  the  space  of  an  inch  is  from  twenty-two  to 
twenty-four,  dependent  on  the  distance  from  the  origin  of  the  stipe,  and  on  the 
degree  of  development.  The  apex  of  the  denticle,  or  posterior  point  of  the 
aperture,  is  a  little  below  the  base  of  the  second  cellule  in  advance.  Cell- 
partitions  thin,  and  usually  not  well  preserved. 

This  species,  when  entire,  is  readily  distinguished  from  Cr.  brifonoidea 
by  its  straight  and  more  slender  branches,  and  by  the  general  aspect  and 
expression  of  the  fossil ;  it  has  only  a  remote  similarity  with  the  other 
quadribrachiato   forms.     In   separated   or  double  stipes   it  bears  some 
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resemblance  to  Q^.  arcuatus,  except  that  it  is  less  curved,  and  the  form  of 
the  cellules  is  distinctive.  From  the  other  bibrachiate  forms,  it  is  very 
readily  distinguished  on  comparing  the  form  of  the  cellules. 

I  had  heretofore  regarded  this  species  as  possessing  a  disc,  like  Q-. 
cracifcr  and  others  ;  but  on  examination  of  all  the  specimens  which  can 
be  satisfactorily  identified  with  it,  not  one  has  shown  a  disc.  The  discs  with 
four  stipes,  which  ■  "e  broken  off  so  close  that  no  serratures  are  visible, 
cannot  be  satisfactorily  identified  with  this  or  any  other  species,  and  are 
therefore  left  in  doubt  at  this  time.  They  may  be  regarded  as  belonging 
to  Gr.  cruoifer,  or  to  the  young  of  Cr.  Headi. 


1. 
2. 

3. 

4. 


6. 


Explanations  op  PiGcnES  op  GnAPTOLiTHtra  QUADniBnAcniATcs,  Hall. 

Platb  V. 

A  largo  specimen  .yith  stipes  vertically  coraprfcssed. 

A  young  specimen  in  which  one  of  the  stipes  appears  to  be  subdivided. 

An  individual  with  stipes  a  little  curved,  the  back  of  the  stipe  visible,  and  showing 

no  serratures. 
A  fr'md  with  one  of  the  stipes  broken  ofif;  one  showing  the  cellules  and  distinct 

stria;  parallel  to  the  cell-partitions,  while  the  other  two  are  turned  so  as  to 

obscure  the  cellules. 
An  enlargement  from  fig.  1  :  the  stipe  has  been  vertically  compressed,  causing 

the  cellules  to  show  a  less  angle  with  the  stipe  than  in  the  normal  conditioa. 


J' 


Plate  VI. 

5.  A  frond  preserving  one  stipe  partially  entire,  and  others  broken  off:  the  funicle 

and  radicle-point  are  well  preserved. 

6.  An  enlargement  from  the  specimen  fig.  5,  showing  the  form  and  propn-''>r\  of 

cellules  in  their  more  perfect  preservation,  with  the  striae  parallel  t'  lil- 

margins  well  preserved. 

Formation  and  Locality/. — Shales  of  the  Quebec  group ;  Point  Levis. 


16.  Graptolithus  crucifer,  Hall. 
Plato  V,  figure  10. 

(G.  CRDCiFEU  :  Geological  Swvey  of  Canada,  Report  for  1857,  page  125.) 

Description. — Frond  composed  of  four  simple,  strong  stipes,  united  at 
their  ))asc  by  a  small  thickened  disc.  Stipes  strong  at  the  base  ;  the  two 
pairs  connected  by  a  short  funicle,  which  is  without  a  visible  radicle. 
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Tlio  specimen  lies  with .  the  ceUuliferous  face  downwards,  and  the  stipes 
near  their  origin  present  only  the  back,  which  shows  tliem  to  be  strong, 
and  of  considerable  substance,  and  measuring  at  that  point  five  hundredths 
of  an  inch  in  width.  Extending  from  the  disc,  the  stipes  are  gradually 
turned  on  one  side,  and  in  their  greatest  width  measure  seventeen  hun- 
dredths of  an  inch  in  diameter,  including  the  denticles.  Cell-denticles 
sub-mucronate,  rising  above  the  margin  almost  vertically;  about  twenty- 
two  in  the  space  of  an  inch. 

This  species  preserves  the  general  form  of  Gr.  quadribrachiatus ;  but 
is  more  robust,  and  the  stipes  are  united  in  a  central  disc.  The  specimen 
is  upon  a  weathered  surface,  and  very  obscure  ;  the  characters  being 
drawn  from  the  general  form  and  proportions.  The  cell-denticles  are 
visible  on  a  part  of  three  of  the  .stipes,  but  we  are  unable  to  trace  the 
direction  or  existence  of  any  cell-partitions.  The  denticles  in  their 
prominence  resemble  those  of  Q-.  denticulatus ;  and  broad  stipes  of  G-. 
bifiduf  have  likewise  some  analogy  with  this  species;  but  as  our  only 
spocimcn  is  imperfect,  no  minute  comparisons  can  be  made.  It  is  a 
smaller  species  than  Cr.  Headi,  but  with  a  comparatively  broader  stipe, 
and  more  erect  cell-denticles.  In  Q-.  crucifer  the  disc  is  quadrilateral, 
with  concave  sides,  and  is  somewhat  oblong  ;  while  in  G.  Headi  the  disc 
is  larger  and  essentially  square,  the  margins  being  very  nearly  straight. 

In  the  specimen  described,  the  disc  is  without  markings,  as  are  also  some 
other  discs  which  may  belong  to  this  species  ;  while  a  single  specimen 
shows  concentric  striae  parallel  to  the  margins. 


'.k'i 


Explanations  of  Fiocres  of  Graptolithus  crccifeb,  Hall, 
Plate  V. 


II 


10.    View  of  the  specimen  from  which  the  description  is  drawn. 
13.    The  disc  of  a  young  individual  probably  of  this  species. 


Formation  a7id  Locality. — Shales  of  the  Quebec  group ;  Point  L(^vis. 
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17.  Graptolithus  alatus.  Hall. 


Plate  VI,  figure  9. 


(G.  alatus  :  Geological  Survey  of  Canada,  Report  for  1851,  page  127.) 

Description. — Frond  consisting  of  four  stipes  (probably  simple)  ;  their 
bases  united  in  a  thickened  disc,  the  central  portion  of  which  is  about  seven 
tenths  of  an  inch  in  extent,  and  miitmg  to  the  stipes  continues  along  their 
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margins  for  an  inch  and  a  quarter,  giving  an  extremely  alatc  appearance. 
Stipes  strong,  angular  on  the  back  or  non-cellulifcrous  margin :  test 
thick :  cellules  imknown. 

The  only  specimen  known  consists  of  the  disc  and  parts  of  three  of  the 
stipes  ;  the  longest  one  extending  a  little  beyond  the  limits  of  the  disc,  or 
so  far  that  the  alation  produced  by  the  disc  is  not  distinguishable.  The 
lower  or  non-celluliferous  side  is  presented  to  view,  and  we  know  nothing 
of  the  extension  of  the  stipes,  nor  of  the  cellules.  It  is  probably  one  of 
the  sirnple-stiped  species,  and  of  rare  occurrence,  since  no  other  specimens 
are  known  which  can  be  identified  with  it. 


l!'^ 


Explanation  ov  Fiocre  of  Graptolithds  alatus,  Hall. 

PtATB  VI. 

9.  The  specimen  represented  as  it  occurs  on  a  fragment  of  slate.  The  back  of  the 
stipes  shows  faint  indentations,  but  thej  are  made  too  strong  in  the 
engraving. 

Formation  and  Locality. — Limestone  of  the  Quebec  group  ;    Point 
L^vis. 


18.  Graptolitiius  Headi,  Hall. 

Plate  VI,  figure  8. 

(G.  Headi,  Hall :  Geological  Survey  of  Canada,  Report  for  1857,  page  127.) 

Description. — Frond  robust,  four  3tiped ;  the  stipes  in  pairs,  joined  by 
a  short  funicle  at  the  base,  and  united  in  a  broad  thickened  quadran- 
gular disc.  Stipes  strong,  somewhat  alate  near  the  base  from  the  exten- 
sion of  the  substance  of  the  disc  for  a  short  distance  along  their  margins, 
extremely  elongate,  and  extending  in  a  nearly  direct  line  towards  their 
extremities  ;  celluliferous  on  one  side.  The  Avidth  in  a  transverse  direc- 
tion, at  the  junction  with  the  disc,  is  six  hundredths  of  an  inch  ;  and  in 
the  widest  portion,  fourteen  hundredths  of  an  inch.  Disc  ([uadrangular, 
nearly  square,  slightly  extended  along  the  stipes,  with  straight  margins  in 
the  spaces  between ;  measuring  in  the  specimen  examined,  one  inch  and 
one  eighth  in  each  diameter  across  the  centre. 

Cellules  eloui^ate,  distinctly  curved,  making  with  the  axis  an  angle  of 
about  .50°  ;  length  four  or  from  four  to  five  times  the  diameter  at  the 
aperture  :  denticles  sub-mucronate,  sub-erect,  about  twenty-four  in  the 
space  of  an  inch.    The  margin  of  the  aperture  is  apparently  curved ;  its 
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angle  with  the  axis  cannot  be  satisfactorily  determined  from  the  specimen. 
Cell-partitions  strong. 

The  specimen  from  which  this  description  is  drawn,  consists  of  the  disc 
and  a  i)art  of  two  stipes,  the  other  two  being  broken  ofi"  just  beyond  the 
disc  ;  one  of  the  stipes  measures  nearly  seven  inches  from  the  centre. 
When  tlie  disc  is  preserved,  this  species  can  be  readily  distinguished.  Sepa- 
ated  stipes  bear  a  near  resemblance  to  Q-.  bryonoides ;  but  the  abrupt, 
narrowing  at  the  base  of  the  stipes,  and  the  shorter  denticles,  character- 
ize Q-.  bryonoides.  In  the  specimen  described,  we  have  little  more  than 
an  impression  of  the  stipe,  and  this  is  in  a  coarse  material ;  so  that  there  still 
remains  some  obscurity  regarding  the  surface  of  the  test,  and  the  exact 
form  of  the  cellules  and  their  apertures. 


Explanation  of  Figure  of  Gbaptolithus  Headi,  Hall. 

Plate  VI. 

8.  A  representation  of  the  specimen  of  the  natural  size,  and  as  it  occurs  on  the 
surface  of  the  stone.  (The  upper  separated  portion  of  tlie  stipe  is  placed 
a  little  lower  in  the  figure  than  it  is  on  the  stone,  in  order  to  bring  it 
within  the  dimensions  of  the  plate.) 

Formation  and  Locality. — Shales  of  the  Quebec  group  ;  Point  Ldvis. 
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19.  Graptolitiius  octonarius.  Hall. 
Plate  X,  figures  1,  2. 


(G.  ocTONAiiics,  Hall :   Geological  Survey  of  Canada,  Report  for  1857,  page  124.) 


Description. — Frond  consisting  of  eight  stipes  uniting  in  pairs  at  the 
base,  and  each  ])air  again  united  in  a  similar  manner,  making  one  half  the 
frond  ;  the  two  parts  are  joined  by  a  funicle,  in  the  centre  of  which  is  a  small 
rootlet.  The  two  sides  are  efjual  and  symmetrical,  giving  a  bilateral  arrang- 
mcnt  to  the  whole.  Stipes  narrow  and  rounded  at  the  base,  having  a  diam- 
eter of  from  two  to  four  hundredths  of  an  inch  below  the  bifurcations ;  in  the 
figured  specimen,  at  a  distance  of  from  one  half  to  three  fourths  of  an 
inch  from  the  base,  they  arc  eleven  hundredths  of  an  inch  wide. 

Solid  axis  distinct,  the  common  body  occupying  a  very  small  propoi'tion 
of  the  whole  width.  Cellules  elongate,  disthictly  curved,  expanding  ;  making 
an  angle  of  from  30°  to  35°  with  the  axis  ;  the  aperture  is  twice  as  wide  as 
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the  base ;  the  froo  portion  is  a  little  more  than  one  third  of  the  entire 
length.  Margin  of  aperture  slightly  curved  in  the  mature  cell,  and  more 
distinctly  in  the  young,  making  in  the  former  an  angle  of  120°  Avith  the 
axis.  The  denticles  are  pointed,  scarcely  sub-mucronatc,  twenty-four  in 
the  space  of  an  inch.  Cell-partitions  strongly  marked,  the  line  of  sepa- 
ration extending  nearly  to  the  back  of  the  stipe. 

In  this  species  the  stipes  resemble  those  of  G.  hryonoides  in  their  width, 
form,  and  proportion  of  cellules  and  cell-denticles  ;  but  the  number  of 
stipes  in  entire  specimens  is  a  characteristic  feature.  In  single  stipes  or 
in  pairs  of  G.  octonarius,  there  is,  as  shown  in  the  figures,  a  longer  space 
at  the  base  without  cellules,  and  in  the  double  or  quadruple  stipes  the  differ- 
ence of  character  is  obvious.  In  the  union  of  the  two  stipes  in  G-.  bri/onoidea, 
the  funicle  proceeds  from  the  back  of  the  stipes,  or  the  non-celluliferoua 
side;  while  in  the  union  of  two  stipes  in  G:  ootonarius,t\\G  continuation  below, 
uniting  with  the  adjacent  pair,  is  not  from  the  back  of  the  stipes  alone,  but 
the  two  appear  to  be  united  laterally  and  diverge  at  a  diflferent  angle  ;  as 
Avill  be  seen  on  comparing  the  figures  of  the  two  species.  Fragments  of 
6r.  j^'itulus  bear  some  resemblance  to  this  species,  but  a  comparison  shows 
important  differences. 

Explanations  op  Figuhes  of  Gbaptolithds  octonarius,  Hall. 
Plate  X. 

1.  A  specimen  of  natrral  size,  much  broken  and  distorted  from  pressure. 

2.  An  enlargement  from  the  preceding  figure. 

Furmation  and  Locality. — Shales  of  the  Quebec  group ;  Gros  Maule. 
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20.  Graptolithus  octobrachiatus,  Hall. 
Plate  VII,  figures  1-7;  and  Plate  VIII,  figures  1-4. 

(G.  ccTonBACHiATDS,  Hall :  Geological  Survey  of  Canada,  Report  for  1857,  page  122.) 

Ba^cription. — Frond  consisting  of  eight  simple  stipes,  which  are  united 
in  pairs  at  their  bases :  these  have  their  origin  from  a  short  funicle, 
which  proceeds  from  a  radicle  in  the  centre.  Each  extremity  of  the  funicle 
is  divided,  and  these  divisions  are  again  bifurcated,  giving  origin  to  the 
four  stipes  on  each  side,  which  are  thus  bilaterally  arranged.  The  funicle 
and  bases  of  the  stipes  are  united  in  a  broad  thickened  disc,  comiwsed  of 
the  same  substance  as  the  other  parts  of  the  fossil :  disc  octagonal,  the 
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sides  concave  between  the  stipes,  and  the  angles  extended  upon  the  mar- 
gin of  the  stipes.  Stipes  robust,  equal,  linear,  elongate,  proceeding  in 
right  linos  from  the  centre. 

Within  the  disc  or  near  it  the  stipes  measure  five  hundredths  of  an 
inch  in  width ;  and  beyond  this  the  width,  including  the  serrature,  is  thir- 
teen hniidrcdths  of  an  inch.  Test  thick :  the  common  body  occupiea 
sometimes  about  one  third  of  the  entire  width.  Cellules  long,  strongly 
curved,  the  breadth  at  the  aperture  three  or  four  times  as  groat  as  at  the 
base ;  length  a  little  more  than  three  times  ^he  width  at  the  aperture ; 
making  an  angle  with  the  axis  of  20°  near  the  base  of  the  cell,  and  from 
52°  to  o5°  near  the  aperture.  Margin  of  the  aperture  nearly  straight, 
making  an  angle  with  the  axis  of  105°  ;  and  sometimes,  when  compressed, 
still  greater.  Denticles  obtuse,  about  nineteen  or  twenty  in  the  space  of 
an  inch. 

This  species  is  remarkable  for  its  extremely  elongate  stipes  and  strong 
central  disc.  Some  of  the  largest  individuals,  with  the  stipes  expanded, 
have  extended  over  an  area  of  at  least  sixteen  inches  in  diameter.  The 
stipes  are  extremely  robust,  and  in  their  original  state  appear  to  have 
been  quadrangular ;  the  measurement  across  the  back  of  the  stipe,  when 
flattened,  being  seven  ninths  as  great  as  the  lateral  measurement  of  the 
flattened  stipe  below  the  cell-denticles.  The  size  of  the  stipes  is  not 
greater  than  in  C  Headi ;  but  these  have  a  more  rigid  aspect,  and  are 
readily  distinguishable  when  the  cellules  or  cell-denticles  can  be  seen. 

All  the  specimens,  with  one  exception,  present  the  exterior  or  non-cel- 
luliferous  side  at  the  base ;  the  disc  and  stipes  adhering  to  the  stone  on  the 
collulit'erous  face ;  so  that  it  is  only  towards  the  extremities  of  the 
branches,  Avhcre  they  are  turned  on  one  side,  that  the  full  width  or  form  of 
the  cellules  can  be  seen.  An  impression  of  a  short  fragment  of  the  cellulifev 
ous  surface  of  one  of  the  stipes  shows  strong  deep  indentations.  The  cei 
lules  vary  but  little  in  their  distance  or  approximation,  from  seventeen  to 
twenty  in  the  space  of  an  inch  being  the  extremes  of  variation  observed. 
The  disc  is  not  uniform  in  its  proportions,  nor  regular  in  form,  nor  does  it 
always  appear  to  bear  the  same  proportion  to  the  strength  of  the  stipes ;  it 
has  sometimes  a  very  symmetrical  octagonal  form :  its  substance  is  often  con- 
siderably thickened  and  striated  parallel  to  the  margins,  which  are  thinner, 
attenuating  from  the  centre.  The  cellules  are  subject  to  variation  from 
the  direction  in  which  the  stipes  have  been  compressed,  and  in  this  respect 
show  a  greater  variety  of  appearances  than  any  other  species  in  the  col- 
lection. 

This  species  exhibits  some  differences  in  its  mode  of  growth,  and  the  num- 
ber of  stipes  is  not  invariable.  One  specimen  presents  ])ut  seven  stipes  ;  the 
centre,  funiele,  and  divisions  on  one  side  being  of  the  normal  character, 
while  uu  the  other,  one  division  of  the  fanicle  does  not  bifurcate,  but 
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continues  as  a  single  stipe,  giving  seven  as  the  entire  numher  of  stipes, 
with  a  small  seven-sided  disc.  In  another  individual  we  have  five  stijtes  only ; 
the  funicle  and  disc  exist  as  in  the  others,  but  the  subdivisions  have  taken 
place  only  on  one  side,  while  on  the  opposite  the  stipe  continues  wimple. 
The  presence  or  absence  of  the  central  disc,  however,  cannot  be  relied  upon 
for  specific  or  other  distinction,  since  both  in  this  species  and  (7.  Lojinni 
we  have  specimens  of  the  same  species,  preserving  their  characters  in  all 
respects,  except  the  disc.  In  the  specimen  fig.  2,  plate  viii,  we  have  the 
central  portion  of  an  individual  in  which  there  is  no  evidence  of  the  disc 
having  existed.  In  its  form  and  mode  of  division  it  corresponds  in  all 
respects  Avith  those  specimens  possessing  the  discs  ;  and  as  it  occurs  in  the 
same  association,  we  cannot  suppose  it  otherwise  different. 

In  its  long  linear  stipes,  this  species  resembles  G.  Sagittarius  (Hall, 
Pal.  New  York,  vol.  i,  plate  74,  fig.  1 ;  perhaps  not  the  Euroj)ean  spe- 
cies of  that  name)  ;  but  the  branches  are  stronger  and  the  serrations 
coarser  ;  it  is  moreover  associated  Avith  a  group  of  species,  all  of  which  are 
quite  distinct  from  the  New-York  species  with  which  G.  sayittarius  occurs. 


Explanations  of  Figurks  of  OnAPToiiTncs  ocxoBnAcniiTcs,  Hall. 

Platb  VII. 


1.  A  large  individual  preserving  two  of  the  stipes  totlie  length  of  ciglit  inches,  and 

another  to  nearlj'  the  same  extent,  while  the  rest  are  brol<en  off  at  less 
distances  from  the  disc.  The  flexibility  of  their  substance  is  well  shown  in 
the  recurved  stipe  at  the  left-hand  side  of  the  figures.  Although  this  speci- 
men preserves  the  most  extended  stipes  of  any  in  the  collection,  the  disc 
is  smaller  than  in  several  of  the  other  specimens. 

2.  The  exterior  of  a  large  disc  of  this  species,  with  the  stipes  broken  off  a  little 

beyond  its  margin.  The  two  longer  portions  are  so  turned  as  to  show  the 
cellules. 

3.  A  portion  of  a  large  disc,  showing  the  exterior  or  non-cclluliferous  face  of  the 

frond,  and  preserving  portions  of  four  of  the  stipes. 

4.  A  frond  with  the  stipes  broken  off  at  different  distances  from  the  centre.     The 

substance  of  the  disc  or  cup  is  imperfect, — a  condition  which  apparently 
existed  while  the  body  was  in  a  living  state. 

5.  An  enlargement  from  one  of  the  stipes  at  c,  looking  upon  the  apertures  of  the 

cellules,  which  are  somewhat  compressed. 
e.    An  enlargement  from  the  same  at  6,  where  the  substance  is  laterally  compressed. 
T.     An  enlargement  from  the  same,  where  the  substance  is  obliquely  compressed  at  a. 
Figs.  5  &  7  are  taken  from  casts  made  in  the  impressions  left  by  removal  of  the  sub- 
stance of  the  graptolite. 

Plate  VIII. 

1.  A  symmetrical  frond  preserving  parts  of  all  the  stipes,  two  of  them  apparently 

almost  entire  ;  several  of  them  had  been  abruptly  bent  before  being  im- 
bedded in  the  stone. 

2.  A  frond  preserving  eight  stipes,  but  without  a  disc.   The  specimen  does  not  afiford 

any  evidence  that  a  disc  has  ever  existed. 
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8.  A  frond  with  small  disc  and  somewhat  slender  stipes.  One  side  preserves  the 
usual  clmructer  of  four  stipes,  while  the  other  has  but  three. 

4.  A  frond  wliicli  is  abnormally  developed  ;  one  side  preserving  the  four  stipes  with 
tlio  disc,  while  on  the  other  side  the  funiclu  is  apparently  extended  in  a  single 
stipe  only. 

Formation  and  Localltij. — Shales  of  the  Quebec  group ;  Point  Ldvis. 

The  Q-.  Logani  is  the  only  species  with  numerous  unhranched  stipes 
which  we  know  of  at  this  time  in  the  Quebec  group.  All  the  other  species 
with  more  than  eight  stipes,  havo  them  branched  beyond  the  commence- 
ment of  the  cellules.  In  the  Hudson  River  formation,  however,  we  havo 
a  single  analogous  species,  the  G.  muUifasciatus.  In  that  one  the  stipes 
are  forty  or  more  in  number,  and  are  apparently  simpler  after  they 
become  cellidiferous. 


In  the  progress  of  development  of  the  graptolites  of  this  type,  we  have 
traced  tliom  through  the  two,  four,  and  eight-stiped  forms.  Those  with 
two  stipes  havo  never  shown  the  cup  or  disc  ;  while  some  of  the  latter 
two  forms  have  discs,  and  others  apparently  never  possessed  this  appen- 
dage. The  subdivision  into  stipes  appears  to  go  on  by  a  regular  duplication 
of  the  parts  ;  and  the  stipes  in  perfect  forms  are  bilaterally  arranged, 
beginning  Avith  those  having  two  ;  which  proceed,  ono  on  each  side,  from  a 
rootlet.  With  the  exception  oi  G.fruticosus,  the  four-stiped  forms  origi- 
nate from  a  minute  radicle  ;  while  on  each  side  of  this  centre,  the  body 
extends  a  short  distance  in  the  funicle,  which  is  not  ccUuliferous ;  and  then 
subdivides  ecpially,  no  cellules  occurring  below  the  division.  In  the  next 
form,  the  funicle  is  divided  at  each  extremity  as  before,  and  again  divided 
or  bifurcated  below  the  origin  of  any  cellules.  Were  this  mode  of  sub- 
division to  continue,  the  nw't  stop  in  the  development  would  give  us  sbcteen 
stipes  ;  but  we  have  no  form  of  this  kin  \  iix  the  collections. 

In  the  next  form,  with  simple  stipes,  we  find  the  G.  Logani,  which  pre- 
sents a  wide  variation  in  the  number  of  stipes ;  so  varied  indeed  that  the 
two  extremes  might,  if  examined  separately  and  without  the  intermediate 
forms,  be  regarded  as  two  distinct  species.  The  variation  in  the  number  of 
stipes  in  this  species  extends  from  eighteen  to  twenty-five  :  some  divisions 
of  the  funicle  are  equally,  and  others  unequally  developed  in  the  number 
of  stipes  which  proceed  therefrom. 
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21.  GiiArTOLiTiius  LooANi,  Ilall. 
Plato  IX,  figures  1-9 ;  aiul  Plato  XI,  figure  7. 

(0.  tooANi :  Oeological  Survey  of  Canada,  Report  for  1857,  page  115.) 

Description. — Frond  composed  of  numerous  slender  simple  stipes,  sub- 
equally  disposed  on  the  two  sides  of  their  origin,  or  of  the  mhuitc  point  indica- 
ting the  radicle.  All  these,  in  their  perfect  condition,  have  their  l)ase8 
embraced  within  a  broad  disc.  Radicle  sometimes  well  marked :  funiclo 
short,  simple  for  about  three  sixteenths  of  an  inch,  when  it  is  divided  at  ouch 
extremity,  the  divisions  diverging  at  an  angle  of  luO°  or  more.  Each  division 
is  again  subdivided  Avith  more  or  less  regularity,  and  always  near  the  base, 
until  there  are  from  eighteen  to  twenty-five  simple  stipes  radiating  from  the 
central  disc.  There  are  rarely  more  than  three  bifurcations  after  the  first 
division  of  the  funicle,  and  these  all  take  place  within  the  limits  of  the 
disc.  No  cellules  are  visible  on  the  stipes  below  the  last  bifurcation, 
though  they  do  occur  within  i'lu  limits  of  the  disc.  On  the  inner  or 
celluUferous  side  of  the  disc,  the  divisions  of  the  funicle,  and  the  liases  of 
the  stipes  beyond,  are  grooved  along  the  centre.  The  disc  is  from  one  to 
nearly  two  inches  in  diameter  in  different  individuals,  and  with  sides  cor- 
responding to  the  number  of  stipes,  between  which  the  margin  is  concave. 
The  substance  of  the  disc  is  corneous  like  that  of  the  stipes,  extremely 
thin,  though  composed  of  double  walls ;  somewhat  thickened  near  the 
centre,  and  fonning  only  a  thin  t'.anslucent  pellicle  towards  the  margin. 
The  surface  is  usually  and  perhaps  always  smooth  in  the  centre ;  while 
towards  the  margin,  and  parallel  with  it,  arc  fine  striaj  of  growth. 

The  transverse  diameter  of  the  stipes,  within  the  limits  of  the  disc,  is 
from  two  hundredths  of  an  inch  at  the  Ijaso  to  four  hundredths  of  an  inch 
at  its  outer  margin.  The  vertical  diameter,  including  the  cell-denticles,  is 
six  hundredths  of  an  inch.  The  stipe  is  thickened  on  the  back,  and  about 
one  fifth  the  width  is  oc  jupied  by  the  common  body.  The  full  width  of 
the  stipe  is  attained  a^  about  two  inches  from  its  origin.  Some  of  the 
stipes  have  boon  trace. I  for  seven  and  a  half  inches  from  the  centre  of  the 
disc,  and  their  extremities  are  still  imperfect.  The  cellules  are  short  narrow 
and  straight,  making  an  angle  with  the  axis  oi!" about  35^,  and  free  for  about 
two  fifths  of  their  length,  which  is  less  than  three  times  the  diameter  of  the 
aperture.  The  margin  of  the  aperture  makes  an  angle  of  from  90°  to  95° 
with  the  axis:  denticles  acute,  from  twenty-two  to  twenty-six  in  the  space 
of  an  inch ;  the  prevailing  number  l)eing  twenty-four.  Partition-walls 
thin,  and  obscurely  marked  on  the  surface  of  the  stipe. 

This  s})ecies,  when  the  form  is  entire,  is  readily  recognized  by  its  numer- 
ous simple  elongated  stipes.      The  separated  central   portions,  whether 
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■with  or  without  tlio  iliscmay  bo  known  by  the  short  funicle,  and  tho  numerous 
subdivisions  near  the  centre.  The  stipes  diftor  from  tliose  of  any  other  species 
in  their  proportions,  and  the  form  of  tlie  ceUules  and  denticle,:.  In  these 
separated  jtarta  there  is  some  resemblance  to  G.  areuatun;  but  that 
species  has  the  stipes  more  curved,  with  a  different  form  of  cell-denticle,  and 
is  moreover  marked  by  the  fre([uent  occurrence  of  the  minute  radicle 
attached  to  the  separated  stipes,  as  well  as  by  the  presence  of  cellules 
nearer  to  the  origin  of  the  latter. 

The  ^reat  variation  in  the  number  of  stipes  shown  to  occur  in  Q-, 
Lof/(ini,  as  well  as  what  occurs  in  a  lesser  dej^rce  in  G.  octobrachiatns,  is 
sufficient  evidence  that  strict  specific  characters  cannot  bo  founded  on  this 
feature  alone,  in  species  where  the  stipes  are  numerous.  From  what  we 
arc  able  to  observe,  it  would  appear  that  the  disc  of  G.  octohmrlnatua 
extends  itself  with  the  age  of  the  individual ;  though  in  G.  Lojjani  there 
is  no  perceptible  difference  in  the  width  of  the  stipes  near  tlie  base,  whether 
tho  discs  are  larger  or  smaller.  In  those  specimens  of  this  species  which 
are  without  the  central  disc,  or  where  this  part  nuiy  have  been  removed, 
the  stipes  are  always  more  slender  towards  the  base  than  when  they  are 
embraced  within  the  central  disc. 

The  margins  of  tho  disc  are  slender,  and  sometimes  found  broken  between 
some  of  the  stipes,  without  injury  to  the  rest  of  the  body.  The  parts  so 
broken  assume  the  same  outline  as  if  entire,  and  may  probably  have  been 
afterwards  extended  to  correspond  with  the  other  portions.  This  feature  is 
seen  in  plate  IX,  fig.  4,  where  a  specimen  preserving  half  of  the  disc 
shows  that  in  three  spaces  between  the  stipes  the  disc  had  been  partially 
broken  away,  and  appears  to  have  been  in  process  of  reproduction. 

In  specimens  showing  the  inner  side  of  the  frond,  we  find  a  distinct  groove 
marking  the  centre,  the  funicle,  and  the  bases  of  tho  stipes:  this  is  seen 
whether  the  disc  is  preserved  or  not,  and  appears  to  be  an  organic  feature. 
This  groove,  corresponding  to  the  central  axis,  likewise  extends  for  some 
distance  along  the  celluliferous  portion  of  the  stipe ;  and  the  indentation, 
being  thus  interrupted  along  the  centre,  is  shown  more  strongly  on  each 
margin,  appearing  like  a  double  indentation  or  serrature. 

On  the  opposite  side  of  the  frond,  when  well  preserved,  the  stipes  near 
their  bases,  often  appear  to  have  a  double  axis,  or  an  elevation  on  each 
side.  This  feature  seems  to  be  due  to  pressure,  or  to  the  filling  of  the 
tube  on  the  two  sides,  while  the  centre  has  been  contracted.  It  is  clearly 
an  accidental  feature,  prol)ably  dependent  on  the  nature  of  the  surrounding 
material,  at  least  in  part,  since  some  specimens  from  their  origin  are  full 
and  round  on  the  back  of  the  stipes. 
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Explanations  of  Fioores  of  Gbaftolituus  Looani,  Hall. 

Platk  IX. 

1.  A  specimen  of  slate,  preserving  portions  of  three  individuals,  (two  only  given 
in  the  illustration.)  The  disc  had  probably  been  removed  by  maceration 
before  they  were  imbedded,  but  the  stipes  are  preserved  to  a  length  of 
more  than  seven  inches.  It  does  not  appear  that  this  exhibits  the  entire 
skeleton  :  the  stipes  were  originally  longer.  The  serrated  margins  are  not 
always  shown  at  equal  distances  from  the  centre ;  but  this  is  duo  to 
accidental  position,  some  stipes  showing  the  exterior  surface  for  some  distance, 
and  then  gradually  turning  and  becoming  flattened  laterally. 

A  specimen  showing  the  disc  almost  entire. 

An  individual  showing  the  exterior  surface  ;  the  central  portions  entire,  with  the 
impression  of  the  connecting  disc,  some  portions  of  which  remain  attached 
to  the  stipes.  The  extent  and  outline  of  the  disc  are  distinctly  seen. 
The  appeorance  of  serratures  is  due  to  exfoliation,  which  shows  the  impres- 
sion of  the  celluliferous  side  of  the  stipe  upon  the  stone. 

A  specimen  exhibiting  the  half  of  an  individual,  with  the  disc  unequally  ex- 
tended between  the  rays.  The  margins  are  all  apparently  entire,  and  this 
inequality,  to  whatever  accident  due,  existed  in  the  living  animal. 

Exterior  view  of  an  individual  showing  some  remaining  portions  of  the  disc;  the 
stipes  are  all  broken  off  beyond  tlie  bifurcations. 

Another  individual  showing  the  inner  side,  with  llie  commencement  of  the  cells, 
which  appear  in  some  places  as  if  in  double  scries  ;  the  substance  of  the 
disc  is  removed. 

Enlargement  of  the  exterior  surface  of  the  central  portion  of  the  specimen  fig.  5. 

Enlargement  of  the  inner  surface  of  the  specimen  fig.  6,  giving  the  appearance 
of  a  double  series  of  cells  separated  by  a  depressed  line  in  the  substance  of 
the  stipe.  Sometimes  this  separation  appears  to  be  actual,  while  else- 
where the  apparent  division  is  due  to  the  de|ircssion  along  the  centre. 

Enlargement  of  a  fragment  of  a  stipe,  showing  the  form  and  proportions  of 
the  cellules. 

Plate  XI. 

The  central  part  of  an  individual  without  disc,  showing  five  stipes  on  one  side 
and  four  on  the  other.  This  is  supposed  to  be  an  abnormal  form  of  G. 
Logani. 
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Formation  and  Localiti). — Quebec  group ;  Point  L(jvia. 
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GRAPT0LITE3.  103 

Graptolitiius  flexilis,  Hall. 
Plate  X,  figures  3-9. 

(G.  CLRxiLiB,  Hall:  Geolo/fkal  Survey  of  Canada,  Report  for  185Y,  page  119  ) 

Description. — Frond  multibracliiate,  composed  of  numerous  slender 
branching  stipes,  Avhicli  are  bilaterally  disposed  on  the  two  sides  of  their 
origin.  Radicle  minute  :  funicle  short,  being  little  more  than  one  tenth  of 
an  inch  in  length,  dividing  at  the  two  extremities,  the  parts  diverging  at  an 
angle  of  about  105° ;  each  one  of  these  agahi  divides  within  the  space  of 
a  tenth  of  an  inch,  making  eight  principal  stipes,  which  are  again  several 
times  bifurcated.  Cellules  commencing  above  the  third  bifurcation,  perhaps 
above  the  second.  Stipes  slender  Hcxuous,  the  branches  diverging  at  a  lesser 
angle  at  each  successive  bifurcation  :  stipes  and  branches  filifonn  at  l)ase, 
and  measuring  in  their  full  width,  where  the  cellules  are  distinct,  from 
four  to  seven  hundredths  of  an  inch,  (a  very  small  proportion  of  the  width 
being  occupied  by  the  common  body)  ;  curving  from  the  base,  and  slightly 
arcuate  in  their  entire  length.  The  cellules  are  usually  on  the  inner  side 
of  the  curve.  In  the  entire  length  from  the  first  division  of  the  funicle, 
four  bit'iu'cations  may  be  counted,  and  these  branches  again  divide.  The 
subdivisions  give  about  sixty-four  branchlets  hi  the  entire  frond,  subject  to 
some  variation  from  the  inconstancy  of  the  subdivisions. 

Cellules  short  straight  narrow,  inclined  to  tlic  axis  at  an  angle  of  about 
30°  ;  nearly  one  half  the  length  of  each  cellule  being  free  :  leni'th  of 
cellules  eiiual  to  about  four  times  their  diameter;  the  denticles  acute,  or 
acutely  rounded,  varying  in  the  same  stipe  from  about  twenty-six  to 
twenty-eight  in  the  space  of  an  inch  ;  apertures  making  an  angle  with  the 
axis  of  aliout  1)0°  ;  cell-partitions  obscurely  marked,  and  traceable  nearly 
to  the  back  of  the  stipe.  At  the  base  of  the  liranches  the  cellules  are  less 
developed,  and  sometimes  appear  as  simple  \nidulations  of  the  margin. 

This  species  is  very  distinctive  in  its  features,  both  as  to  mode  of  growth 
and  manner  of  bifurcation,  as  well  as  in  the  form  and  character  of  cell-denti- 
cles. In  the  first  subdivision  of  the  funicle  and  stipes,  it  might  bo  mis- 
tjiken  on  cursory  examination  for  (/.  Linjaai;  but  the  divergence  of  the 
first  division  is  always  less,  and  the  second  subdivisions  always  diverge  at 
a  different  angle,  while  the  branchiixg  of  the  stipes  forms  a  very  distinctive 
feature.  The  specimens  examined  show  no  evidence  of  ever  havin'T 
possessed  a  central  disc.  The  sul)stance  of  the  stipe  has  an  appearance  of 
))eing  more  ilexiblo  than  in  any  other  species,  though  this  character  may 
be  varied  with  the  condition  of  preservation  or  the  nature  of  the  imbedding 
material.  Under  a  lens,  the  axis  and  princijjal  branches  arc  rounded,  with 
a  thill  corneous  expansion  or  alatiort  on  each  side,  representing  in  a  degree 
the  central  corneous  cup  or  disc  of  other  species. 
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In  this  species,  the  branches  arc  sometimes  compressed  vertically  (or  in 
the  direction  from  the  celluliferous  face  to  the  back  of  the  stipe),  to  such 
a  degree  as  to  give  an  apparent  double  scrrature,  or  a  celluliferous  face 
on  each  side.  In  this  condition,  the  cell-apertures  are  at  right  angles  to 
the  direction  of  the  axis,  or  sloping  a  little  backAvards,  with  the  ex- 
tremities somewhat  rounded.  When  the  celluliferous  side,  thus  com- 
pressed in  the  direction  of  the  cellules,  is  uppermost  on  the  surface  of 
the  shale,  a  line  may  sometimes  be  traced  across  the  branch,  joining  the 
upper  edges  of  the  scrratures,  and  being  in  fact  the  continuation  of  the 
cell-margins  flattened  against  the  stipe,  Avhile  the  extremities  project  on 
either  side. 

In  this  way  we  have  a  great  variety  of  aspects  :  the  smooth  surface  of 
the  branch,  with  minute  striations  upon  the  outer  side  ;  the  inner  side, 
when  not  compi-essed,  having  cellules  showing" as  indented  lines  across  the 
surface  (1);  the  double  serration  produced  by  a  greater  pressure  in  the  same 
direction,  or  with  the  back  of  the  stipe  uppermost  (2)  ;  again,  as  the  branch 
is  gradually  turned  around,  these  serratures  disappear  from  one  side, 
and  become  more  prominent  upon  the  other  (3),  finally  showing  their  full 
breadth  as  the  branch  is  compressed  in  its  transverse  or  lateral  direction.* 
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The  specimens  examined  are  in  a  finely  laminated  greenish-black  shale. 

Explanations  op  FiounEs  op  Graptouthus  plexius,  Hall. 
PlatbX. 

3.  A  fragment  of  slate  preserving  more  than  half  of  a  frond,  and   showing  the 

folding  and  crossing  of  some  of  the  branches. 

4.  A  fragment  jireserving  parts  of  three  individuals,  the  extremities  of  the  branches 

all  broken  off, 

5.  The  central  portion  of  the  frond  of  another  individual. 

6.  Separated  branches  preserving  the  cellules  in  unusual  perfection. 

1.  An  enlargement  of  the  centre  of  the  frond,  showing  the  short  radicle  and  the 
usual  mode  of  branching.  The  central  part  of  the  axis  is  rounded,  with  a 
narrow  corneous  alation  at  the  sides. 

8.  A   bifurcated  fragment  enlarged  :    the   cellules  have  been  flattened    vertically, 

causing  them  to  be  visible  in  slight  indentations  on  both  sides  of  the  axis. 

9.  A    portion   of  a  branchlet  enlarged,  showing  one    part  compressed   laterally, 

with   the  cellules  fully  expanded,  while  the  other,  on   the  right  hand,  is 
gradually  twisted  so  as  to  show  only  the  back  of  the  brnnchlet. 

Formation  and  Locality. — Quebec  group  ;  Point  L6vis. 


*  These  illustrations  of  the  effects  of  pressure  upon  the  cellules  were  given  in  the 
Report  of  the  Geological  Survey  of  Canada  for  1857. 
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Grapto;.  iirus  rigidus,  Hall. 
Plate  XI,  figures  1-5. 

(G.  nioions,  Hall :  Geological  Survey  of  Canada,  Report  for  1857,  pnge  121.) 

.Description. — Frond  raultihrachiate,  composed  of  numerous  slender 
branching  stipes,  equally  disposed  on  the  two  sides  of  their  origin,  liadicle 
minute  :  fuiiicle  short,  being  a  little  more  than  one  tenth  of  an  inch  in  length, 
dividing  at  the  two  extremities,  the  divisions  diverging  at  an  angle  of  115°; 
each  stipe  again  bifurcating  at  least  five  times,  following  the  principal  axis, 
and  occasionally  six  times  in  mature  individuals  ;  the  principal  branches 
again  bifurcate  twice  or  three  times  before  reaching  their  termination. 

In  the  first  bifurcation  of  the  stipe,  (or  second  from  the  radicle,)  the  angle 
of  divergence  is  about  78^,  and  in  the  second  about  GO^  ;  while  the  succeeding 
divisions  diverge  at  a  less  angle,  and  become  somewhat  curved.  In  one 
of  the  stipes  beyond  the  first  division  (making  one  eighth  of  the  entire 
frond)  we  are  able  to  count  fifteen  bifurcations  ;  giving  eighteen  branchlets 
to  a  secondary  division  of  the  stipe  ;  or  18x8,  =  144  in  an  entire  frond, 
if  uniformly  branched  as  in  the  one  examined. 

Stipes  and  branches  slender,  cylindroid  exteriorly,  rigid,  nearly  uniform 
in  width  to  the  third  bifurcation  ;  all  the  measurements  from  the  base  giving 
about  four  hundredths  of  an  inch  diameter  upon  the  outer  side  or  back  of 
the  branches.  A  single  specimen,  which  is  apparently  the  upper  side  of 
the  stipe,  is  nearly  twice  as  wide  as  the  above,  and  preserves  a  i)art  of  the 
solid  axis :  this  is  replaced  by  iron  pyrites. 

None  of  the  specimens  exhil)it  well-defined  cellules  below  the  last  bifur- 
cation, though  some  of  the  branches  are  obscurely  undulating  or  denticu- 
late on  one  side  ;  but  the  specimens  examined  do  not  admit  of  a  satisfac- 
tory deternnnation  of  these  characters. 

The  impossil)ility  of  tracing  any  evidence  of  cellules  upon  any  part  of 
the  frond  below  the  last  bifurcations,  suggests  the  possibility  that  this 
species  was  not  celluliferous  except  at  the  extremities  of  the  stipes  or 
branches.  In  most  of  the  specimens  examined,  these  celhdiferous  parts 
have  probably  1)0 en  broken  otf;  since  it  is  evident  that  the  whole  frond 
has  been  subjected  to  maceration,  and  even  the  stronger  parts  are  often 
broken.  The  regularity  of  bifurcation  is  a  remarkalile  feature,  and  fur- 
nishes a  character  by  which  even  fragments  of  the  species  can  bo  readily 
distinguished ;  smaller  fragments  may  be  known  by  their  rigid  wiry 
appearance. 
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EzFiiANATiONa  OF  Fiounss  OF  Graptolithus  bigidus,  Hall. 

Plate  XI. 

1.  A  fragment  preserving  the  centre  and  principal  branches. 

2.  A  larger  specimen,  sliowing  the  principal   ramifications  of  the  branches.     This 

and  tiie  preceding  specimen  show  only  what  appears  to  be  the  non-cellu- 
liferons  portion  of  the  frond. 

3.  The  extreme  parts  of  some  branclilets  laterally  compressed,  showing  tlie  cellu- 

liferous  parts  of  the  frond. 

4.  An  enlargement  of  one  of  the  branchlets  of  fig.  3. 

5.  A  strong  brancli  witli  part  of  the  branchlets,  showing  the  lower  side  or  non- 

celluliferous  portion  of  the  frond. 

Formation  and  Locality. — Quebec  group  ;  Point  Ldvis. 
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Graptolithus  abxormis,  Hall. 


Plate  XI,  figure  6. 


(G.  ABN'ORMis,  Hall :  Geological  Survey  of  Canada,  Report  for  ISST,  page  117.) 

Deacrijjtion — Frond  consisting  of  numerous  slender  bifurcating  stipes, 
bilaterally  arranged.  Radicle  minute ;  funiclc  long,  bifurcating  on  each 
side  ;  distance  between  the  bifurcations  one  third  of  an  inch  ;  the  divisions 
diverging  at  a  little  less  than  a  right  angle,  while  the  inner  subdivisions  (or 
those  adjacent  to  the  radicle),  after  the  second  subdivision,  diverge  at  right 
angles  to  the  funiclc.  Stipes  branching  several  times,  one  division  shoAving 
four  lufurcations  beyond  that  of  the  funicle,  giving  ten  branches  for  the 
quarter,  i'  forty  for  tlie  whole  frond :  stipes  and  subdivisions  sub-cylindrical, 
being  rounded  on  the  lower  side,  grooved  in  the  centre  upon  the  upper  side, 
and  curving  at  the  bifurcations  :  the  width  from  one  to  two  hundredths 
of  an  iucli ;  free  from  cellules  to  the  fom-th  division,  counting  that  of  the 
funicle  as  the  first  division.  The  stipes  and  branches  maintain  nearly  the 
same  dimensions  throughout  their  entire  length.  Outer  divisions  appa- 
rently celluliferous.  Cellules  obscure,  marked  only  by  undulations  upon 
the  margin  of  the  branches. 

This  species,  in  its  general  aspect,  resembles  G.  Lof/ani  a.m\  G-.flexilis; 
but  dirtei-s  in  important  [jarticulars.  The  funicle  is  more  slender,  and 
nearly  twice  as  long  as  in  either  of  those  species ;  the  divisions  of  the 
funicle  makes  a  lesser  angle,  and  the  divisions  of  the  stipe  near  the  base 
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are  quite  different.  In  the  outer  subdivisions  it  approaches  in  some  degree 
to  fi.  flexilis,  the  stipe  being  always  more  curved  in  ics  divergence  at 
the  bifurcation.  The  absence  of  cellules  on  all  of  the  lower  divisions  of 
the  stipe  distinguishes  this  from  any  other  species  known  to  me  at  the 
present  time,  except  Ci.  rigidus  ;  from  which  it  diiTers  in  the  manner  of 
bifurcation  and  in  the  long  slender  fanicle. 

In  the  specimen  before  me  there  is  a  slight  dissimilarity  in  the  mode  of 
branching  on  the  two  sides  ;  but  this  relates  only  to  details,  and  the  speci- 
men is  imperfect,  showing  one  of  the  main  divisions,  and  only  a  small  part 
of  the  other. 
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EXPLANATIOK  OP  FlOnHE  OP  GnAPTOLIlHCS  ABKOBMia,  Hall. 

Plate  XI. 

6.  A  frigtnent  of  slate  preserving  the  centre  and  the  branches  on  one  side  to 
beyond  the  first  bifurcation.  The  other  side  is  imperfect,  and  apparently 
less  developed. 

Formation  and  Locality. — Quebec  group ;  Point  Ldvis. 


Graptglithus  Richardsoni,  Hall.  (n.  s.) 
Plate  XII,  figures  1-8. 

Description. — Frond  consisting  of  strong  sub-linear  branching  stipes,  the 
number  from  their  origin  unknown  ;  branchlets  diverging  at  an  angle  of  about 
15°,aiKl  measuring  in  their  transverse  diameter  about  five  hundredths  of  an 
inch  ;  the  vertical  diameter  from  ten  to  fifteen  hundredths  of  an  inch.  The 
test  appears  thick  and  somewhat  striated  ;  the  cell-partitions  often  strongly 
marked  ;  the  common  body  occupying  less  than  one  fourth  the  width  of 
the  stipe.  Cellules  long  and  narrow,  curving  upwards,  making  an  angle 
with  the  axis  of  from  25°  to  85°  ;  from  four  to  six  times  as  long  as  the 
width  of  the  aperture,  one  fourth  of  the  length  or  less  being  free :  the 
angle  of  the  aperture  with  the  axis  is  about  140°  ;  cell-denticles  obtuse  or 
obtusely  pointed,  eighteen  or  nineteen  in  the  space  of  an  inch. 

The  separated  stipes  of  the  species,  wlien  not  branched,  resemble  those 
of  6r.  octobrachiatm,  but  the  cellules  are  more  inclined,  making  a  less 
angle  with  the  axis,  while  the  angle  of  the  aperture  is  much  greater.  In 
the  branching  specimens,  we  have  a  character  which  distuiguishes  it  from 
any  other  species. 
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Tlie  specimens  examined  have  the  celhilcs  partially  or  entirely  filled  with 
iron  pyrites,  or  other  mineral  matter,  giving  a  nodose  appearance  upon  the 
surface  ;  while  the  back  of  the  specimens,  when  vertically  compressed,  is 
likewise  nodose.  We  are  not  able  to  associate  this  form  with  the  others 
according  to  the  rule  which  we  have  adopted  of  commencing  with  the  two 
stijicd  forms,  and  thence  going  on  successively  to  the  more  complex,  or 
subdivided  forms.  It  is  probable  however  that  this  one,  in  its  normal 
condition,  had  a  form  and  mode  of  growth  similar  to  6r.  jicxiUs  and  (r. 
riffidus,  but  Avas  of  much  stronger  habit  in  all  its  parts. 
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Explanations  of  Fiqukes  of  Graptolithus  Richardsoni,  Hall. 

PI.ATB   XII. 

1.  A  fragment  of  slate,  preserving  a  stipe,  with  six  branches  in  its  apparent  con- 

tinuation, and  impressions  of  two  others  in  the  intermediate  space  ;  two  of 
these  again  bifurcating. 

2.  A  fragment  preserving  several  branchlets,  which  are   compressed  ia  different 

directions,  showing  the  sides  and  apertures  of  the  cellules. 

3.  An  impression  of  a  bifurcating  fragment,  the  cellules  of  which  were  filled  with 

mineral  matter  and  vertically  compressed. 

4.  A  fragment  of  a  branch  laterally  compressed. 

5.  The  impression  of  a  bifurcating  branch  where  the  cellules  are  somewhat  obliquely 

compressed,  and  partially  filled  with  mineral  matter. 

6.  A  fragment  enlarged,  giving  a  lateral  view  of  the  cellules. 

7.  An   enlargement  from  an   impression  of  a  branchlet  which  was  obliquely  com- 

pressed, having  the  cellules  filled  with  mineral  matter. 

8.  Enlargement  of  a  fragment  where  the  cellules  are  filled  with  mineral  matter  and 

vertically  compressed. 

Formation  and  Locality. — In  the  shales  of  the  Quebec  group ;  three 
miles  above  the  river  Ste.  Anne. 


Graptolithus  ramulus,  Hall.  (u.  s.) 


Plate  XII,  figures  9, 10. 

Description. — The  specimen  dcscriljed  consists  of  a  small  branch  show- 
ing two  bifurcations :  the  substance  is  extremely  thhi  and  much  compressed 
in  soft  finely  laminated  shale. 

Stipe  and  branches  slender,  test  thin,  greatest  width  about  four  hun- 
dredths of  an  inch  ;  Avidth  of  branches  half  as  great.  The  common  body 
occupies  nearly  one  half  the  entire  width  of  the  stipe  :  branches  diverging 
at  an  angle  of  40^  to  50°. 


QRAPTOLITES. 


109 


Cellules  short  and  comparatively  broad,  inclined  at  an  angle  of  about 
25°,  free  for  more  than  one  half  their  length  ;  the  length  of  cellules  about 
two  and  a  half  times  that  of  the  aj)erturc  :  margin  of  the  aperture  making 
an  angle  of  about  140°  with  the  axis  :  denticles  or  cell-extremities  short 
and  obtuse  ;  about  twenty-eight  in  the  space  of  an  inch. 

This  species,  in  its  mode  of  branching,  form,  and  proportion  of  cell- 
denticles,  differs  from  any  other  examined.  It  has  a  slight  resemblance  to 
a.  Jiciilis. 

Explanations  of  Figures  of  Dendrooraptcs  ramdlus,  Hall. 

Plate  XII. 

9.     A  small  bifurcating  branch. 
10.     An  enlargement  of  fig.  9,  showing  the  form  and  extent  of  the  cellules. 

Formation  and  Locality. — Quebec  Group  ;  Point  Ldvis,  below  the 
village,  in  a  loose  mass  of  shale. 
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GexVUS  DIPLOGRAPTUS,  McCoy. 
Diprion,  Barrandc  ;  PetaloUthus,  Suess. 

Cliararters. — Frond  simple  (or  compound  ?).  Stipes  simple,  flattened 
or  quadrangular ;  sides  parallel  or  sub-parallel.  Cellules  arranged  in  a 
single  series  on  the  two  sides  of  a  double  central  axis  :  cellules  obli(iue 
to  the  axis,  the  cell-apertures  opening  towards  the  apex;  cell-denticles 
prominent,  often  mucronate. 

These  forms  are  known  only  as  simple  stipes,  which  are  supposed  to 
have  grown  from  a  fixed  root.  From  analogy  with  those  which  I  have 
designated  ItctiograptuH,  I  conceive  they  may  have  grown  also  in  a  com- 
pound form,  proceeding  from  a  central  axis. 

The  genera  Jietiolitt's,  lietioyrajAus,  and  Phi/Uograptus  are,  in  some 
of  these  characters,  similar  to  Dij/lo(jmptus  ;  and  some  of  the  latter 
have  been  included  under  this  designation.  The  mode  of  increase  and 
arrangement  of  the  cellules  in  those  genera  presents  important  differences  ; 
and  I  would  propose  to  restrict  the  term  Diplo<jrai>tiis  to  such  forms  as 
are  included  in  the  above  description,  or  those  where  the  arrangement  and 
growth  of  cellules  are  similar  to  those  of  (r.  pristis,  Gr.  palmeus,  and 
(r.  pristiniformis. 

The  paucity  of  species  and  of  individuals  of  this  type  is  a  remarkable 
feature  in  the  collections  from  the  Quel)ec  group.  It  has  scarcely  been 
possible  to  find  specimens  for  a  proper  illustration  of  the  spec  cs. 
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DiPLOGRAPTUS   PRISTINIFORMIS,*   Hall. 

Plate  XIII,  figures  15-17. 

(Gbaptolithcs  PRisTiMiPonMis,  Hall  :  Geological  Survey  of  Canada,  Report  for  1867, 
l]Hgi'  133  ;  Geology  of  Canada,  1863,  page  955.  FccoiDSS  DBNTATU8  :  Brongniart, 
Histoire  des  Vigitaux  Fossiles,  vol.  1,  p.  70,  1828. 

Dt'sorij)tbn. — Stipe  flattened  simple  sub-linear,  celluliferous  on  the  two 
sides,  narrower  at  the  base,  obtuse,  showing  an  extended  slender  radicle, 
gi-adually  expanding  above  and  obtaining  its  full  width  (about  eight 
hundredths  of  an  inch)  within  half  an  uich  from  the  base.  Cellules 
narrow,  closely  arranged ;  the  free  extremity  sometimes  acute,  some- 
times obtusely  rounded  ;  inclined  to  the  axis  at  an  angle  of  less  than 
20°  ;  from  six  to  eight  times  as  long  as  wide,  a  litcle  more  than  one  third  of 
their  length  free  :  angle  of  the  aperture  with  the  axis  very  variable,  de- 
pending on  the  direction  of  the  compression.  About  twenty-eight  cellules 
in  the  space  of  an  inch.  Axis  strong,  often  extending  considerably  beyond 
the  celluliferous  portion  of  the  stipe,  and  sometimes  marked  by  a  groove 
indicating  a  line  of  separation. 

This  species  bears  some  general  resemblance  to  Cr.  pristis  (Pal.  N.  Y., 
vol.  i,  p.  265,  pi.  72,  fig.  1)  ;  but  the  stipe  is  narrower,  and  the  cellules 
narrower  and  more  closely  arranged.  In  general  hrm  it  resembles  G: 
angustifoUhs  ;  hut  in  that  species  the  margin  is  more  deeply  indented,  the 
cell-denticles  are  always  rounded,  and  the  cellules  inclined  at  a  higher 
angle  to  the  axis. 

Explanations  of  Figitres  of  Diplooraptcs  PRiSTiNiroRins,  Hall. 

Plate  XIII. 

15.  A  fragment  of  a  stipe,  showing  the  usual  form  and  proportions  of  the  bet*- 

I)reservcd  specimens. 

16.  A  smaller  individual,  with  the  mid-rib  or  axis  extending  beyond  the  body  of 

the  stipe. 

17.  An  enlargement  from  fig.  16,  showing  more  distinctly  tht  form  of  the  ccUalei. 


Formation  and  Locality. — Quebec  group  ;  Point  Levis. 
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*  This  species  is  probably  identical  with  Fucoi'hs  deiUatus,  BrougnibTt,  ut  cit.    Se« 
note  under  G,  bryonoidcs,  page  84. 
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DiPLOQRAPTCS  INUTILIS,  Hall.   (n.  8.) 


Plato  XIII,  fig.  14. 

Desenption. — Stipes,  small  and  obscure,  cellules  angular,  the  free  por- 
tions extending  almost  rectangularly  to  the  axis,  and  produced  into  sub- 
mucronate  points.  The  cell-divisions  cannot  be  traced  beyond  the  scrrar 
tures.  The  solid  axis  is  slender,  and  extended  beyond  the  celluliferous 
portion  of  the  stipe. 

These  specimens  occur  as  short  stipes  which  preserve  an  extension  of 
the  solid  axis,  sometimes  as  great  as  the  celluliferous  portion.  The 
distinguishing  features  are  the  angular  extensions  of  the  cellules,  which 
are  nearly  equilateral,  and  sometimes  slightly  mucronate  at  their  ex- 
tremities. 

This  species  occurs  with  Climacoffraptus  antennariua  and  Jietiograjjtua 
ensiformis,  and  has  been  observed  in  only  a  few  specimens. 

Formation  and  Locality. — Quebec  group  ;  Point  L(ivis. 
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Genus  CLIMACOGRAPTUS,  Hall.  (n.  g.) 


Simple  stipes  with  sub-parallel  margins,  having  a  range  of  cellules  on 
each  side  ;  axis  filiform ;  cellules  short  and  square  ;  apertures  apparently 
excavated  in  the  margin  of  the  stipe,  and  transversely  oval  or  sub- 
quadrate  ;  cell-denticles  or  appendages,  if  present,  usually  on  the  upper 
side  of  the  aperture. 

Several  species  of  this  type  at  present  known  are  simple  stipes  with 
nearly  parallel  sides,,  marked  by  transversely-oval  or  (j[uadrang\dar  cell- 
apertures,  which,  when  compressed  against  the  body  of  the  stipe,  give  the 
appeariince  of  those  forms  described  by  LinniBus  and  subsequent  authors 
as  Gniptitlithus  sealaris.  In  one  species,  where  the  stipe  apparently 
preserves  its  natural  proportions,  the  shorter  diameter  is  about  three  fifths 
the  longer  diameter,  and  the  axis  is  slender  and  filiform.  In  several 
of  the  species  the  axis  is  seen  extending  below  the  hasc  of  the 
cellules ;  while  there  is  often  a  more  or  less  extended  oblique  process 
from  each  side  at  the  base,  as  shown  in  C.  anteiinaring  and  C  bicornis, 
(PI.  xxiii,  figs.  11, 13 ;  and  pi.  A,  figs.  13,  15,  IG,  and  17.) 

These  species  are  separated  from  such  fonns  as  G.  pristi$  on  account 
of  the  difierence  in  form  of  cellules,  or  mther  of  cell-apertures,  since  the 
limit  between  the  cellule  and  the  body  of  the  stipe  is  not  easily  observed  in 
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flattened  specimens.  The  species  GmptoUthia  (Climacnf/mptiis')  hicornis 
may  '  considered  as  the  type  of  the  ;i;cnus  ;  and  I  conceive  that  most  of 
tho-  iloscrihed  as  (r.  fcahtris  are  veritahle  species  ol'tliis  genus;  among 
tliese  I  AVdiild  cite  \\.  iii,  fi,^s.  ;">  and  G,  and  pi.  ii,  figs.  14,  15,  and  also 
figs.  7  and  S,  Barrande,  G-raptoUtea  de  Boheme.  In  the  latter  figure 
the  axis  lies  obli(i[uoly  across  the  cell-apertures,  a  feature  similar  to  that 
shown  in  plate  A,  fig.  14,  of  this  memoir.  Graptolithns  tcretiiisoulKs, 
Hisinger,  G.  rectaui/idaris,  McCoy,  and  many  of  the  figures  on  tab.  i 
and  tab.  ii  of  Gcinitz's  GmptoJithcn,  belong  to  this  type. 

In  suggesting  a  generic  name,  I  have  recognized  the  original  specific 
designation  of  Linnicus,  G.  sealaris. 

The  form  of  cellules  in  the  peculiar  group  of  which  G.  ramosKS  may  bo 
considered  the  type,  is  very  similar  to  G.  biconils,  and  should  be  separa- 
ted from  Grnptolithus  proper  for  the  same  rca?^on,  forming  a  sub-generic 
group,  for  which  I  suggest  the  name  of  Dioninograptus. 


i,::ir 


Climacoqraptus  antennarius,  Hall. 
Plate  XIII,  figures  11-13. 

(Graptolithcs  ANTENNARics,  Ilnll  :    Geologij  of  Canada,  18G3,  page  955.) 

Description. — Stipes  small,  simple,  quadrangular,  flattened,  slightly 
narrowed  towards  the  base.  In  their  natural  condition  they  have  been 
slender  sub-(jnadrangular  tubes,  celluliferous  on  two  sides,  and  having  a 
V'idth  when  flattened,  including  the  denticles,  of  thirteen  hundredths  of  an 
inch.  Axis  strong,  extending  beyond  the  upper  extremity  of  the  stipe, 
and  sometimes  marked  by  a  longitudinal  groove :  base  obtusely  pointed,  and 
having  tlie  axis  slightly  extended  in  the  middle  with  two  setiform  processes, 
one  from  each  side,  diverging  at  an  angle  of  about  G0°  with  the  axis, 
and  slightly  curved,  the  two  including  an  angle  of  from  120"^  to  125'^. 
Cellules  short,  nearly  twice  as  wide  as  long ;  cell-denticles  nearly  rec- 
tangular to  the  axis,  and  fre(juently  inclined ;  from  about  twenty-four 
to  twenty-eight  in  the  space  of  an  inch.  Surface  smooth,  and  the  test 
extremely  tliin. 

Under  this  species  I  have  included  individuals  having  the  same  habit 
and  form,  but  varying  in  the  distance  of  the  cellules,  and  presenting  much 
variety  of  aspect  from  the  different  directions  in  which  the  stipe  has  been 
compressed.  In  some  examjjles,  the  margins  of  the  stipes  present  rec- 
tangularly-projecting processes  or  spinulcs,  which  vary  from  being  barely 
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visil)lc  to  liavini;;  sometimes  a  len<!;th  eciual  to  one  third  the  width  of  tho 
Btijie.  SoinetiinoH  the  margins  of  tlie  stipes  are  entirely  smooth  and 
8trai;^ht,  and  tlio  flattened  surface  shows  indentations  ])roduoed  by  the 
cellules.  Often  the  surfaces  are  so  nearly  smooth  that  these  indenta- 
tions may  be  readily  overlooked.  In  those  flattened  stijies  where  tho 
marj^ins  are  straight,  or  where  only  minute  points  arc  visible  on  the  mar;^in, 
the  width  varies  from  nine  to  eleven  hundredths  of  an  inch. 

In  all  well-preserved  specimens,  whatever  the  aspect  of  the  cellules,  the 
basal  processes  or  radicles  are  nearly  constant  in  presence  and  direction  ; 
and  the  solid  axis  always  projects  beyond  the  upper  end  of  the  stipe,  and 
sometimes  to  the  extent  of  an  inch  beyond  the  celluliferous  portion.  In 
the  extension  of  the  cell-denticlos  upon  the  margins  of  the  stipe,  in  the 
condition  represented  in  fig.  12,  the  specimens  bear  some  resemblance  to 
lidw(jraptus. 

E.XPLANATIOKS   OF  FlODRBS   OF   ClIMACOORAPTCS   ANTEN!<AUIUS,  Hall. 

Plate  XIII. 


11.  A  young  individual,  compressed  in  such  a  manner  that  the  cell-apertures  are 

not  shown  upon  tlic  margin. 

12.  A   flattened   stipe,  presenting  only   the  mucronate  terminations  of  the   cell- 

apertures  beyond  the  margin. 

13.  An  older  individual,  showing  tlie  margins  of  the  stipe  extending  beyond  tho 

cell-apertures,  wliile  the  cellules  are  visible  in  the  substance  of  the  stipes 
as  darker  areas. 
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Formation  and  Locality. — Quebec  group  ;  Point  Ldvis. 


Gen-US  RETIOLITES,  Barrande. 

Generic  characters. — Stipes  thin,  flat,  elongate,  triangular,  composed  of 
two  series  of  cellules  symmetrically  arranged  in  regard  to  the  axis  of  tho 
figure.  The  cellules  arise  from  a  single  internal  canal  which  occupies  the 
central  portion  of  the  stipe.  The  cell-orifices  are  disposed  upon  the  sides 
of  the  triangle,  making  an  acute  angle  with  the  axis,  and  leave  no  space 
between  themselves. 

The  above  is  essentially  the  description  of  this  genus  given  by  Mr. 
Barrande. 

The  species  from  the  Clinton  group,  which  I  have  referred  to  this  genus 
is  extremely  flattened,  and  it  is  not  possible  to  determine  that  it  has  a  tri- 
angular form.  It  possesses  a  very  distinct  axis  and  cell-divisions,  which 
however  may  sometimes  be  concealed  by  the  reticulate  covering.     In  the 
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Canadian  species  I  liavo  not  been  ahlc  to  discover  a  reticulate  atructiire 
Biniilar  to  tlio  Kuropoan  species,  nor  like  that  from  the  CHnton  ^^roiip  of  Now 
York  ;  l»ut  there  is  sometimes  an  apparent  punctate  texture,  and  the  test 
is  thickened.  Althoiigli  the  axis  and  cell-divisions  are  usually)  disthictly 
visihle,  they  have  not  the  characters  of  Di/)lo(/rnptuit. 

Tlie  Ji'.  Geinitzianus  of  JJarrande  is  found  in  IJoheniia  and  Saxony  at  the 
base  of  the  Upper  Silurian,  and  probably  not  far  from  the  same  horizon  as 
the  American  species  Ji.  vaioHus. 

The  It.  emiformis  of  the  Quebec  ^roii])  holds  a  much  lower  ;:;co- 
logieal  position,  which,  together  with  the  dift'orence  of  structure,  leads  mo 
to  suppose  that  it  may  ultimately  be  separated  as  a  distinct  gouus. 


Retiolites  ensifokjiis,  Ilall. 
Plate  XIV,  figures  1-5. 

(Oraptolitiius  BNSiJ'onHis,  Hall :  Geological  Survey  of  Camida,  Report  for  1850,  p.  133.) 

Di'i^riptlon. — Stipe  simple,  sub-ensiform  or  elongate-lanceolate,  usually 
broader  in  the  middle  and  narrower  towards  the  extremities :  axis  central, 
•with  strongly-marked  oblicpxely  ascending  sinic  reaching  to  the  margins. 
Cellules  obscure,  apparently  corresponding  to  the  striie  ;  margin  usually 
well  defined.  Width  of  stipe,  in  the  largest  individuals,  sixteen  Inmdredths 
of  an  inch  ;  length  nearly  two  and  a  lialf  inches.  Other  sjjecimens  have  a 
width  of  one  twentieth  of  an  inch,  with  a  length  of  half  an  inch.  Cellules 
about  twenty-eight  in  the  sjiace  of  an  inch,  inclined  to  the  axis  at  an  angle 
of  about  oO°,  and  without  any  appreciable  portion  being  free.  The  solid 
axis  is  «I.ihtly  undulating,  and  the  cell-partitions  alternate  on  the  two  sides 
of  it,  thus  separathig  the  cellules  from  each  other.  In  some  specimens  the 
base  is  roun<led  and  obtuse  ;  others  show  a  continuation  of  the  a;a.%  or  a 
central  straight  radicle.     Substance  of  the  'Mt  punctate. 

All  the  specimens  are  extremely  flattened,  and  it  is  very  nllicu't  iS 
distinguisli  any  difference  in  tlie  o{)posite  sides  of  individuals.  In  tlie  l)est- 
dcfincd  y'ocih'on  there  is  a  distinct  axis  with  alternate  diverging  filaments 
or  cell-divisious,  which  reach  to  the  outer  margin,  the  substance  being  nearly 
all  removed  exoont  this  skeleton.  In  a  single  specimen,  the  axis  is  not 
strictly  defined,  ai:  1  is  broader,  -.vhilc  the  diverging  partitions  are  less 
strongly  marked.  Tl''«  -..wm  affoi'ds  the  only  evidence  that  we  have  of  the 
difference  in  tf-e  tro  sides  of  UiO  species,  a  difference  shown  iu  the 
R.  Geinitziani'  J  of  Larrande. 
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In  the  punctate  tost  and  undulating  axis,  we  have  the  characteristics  of 
Ketioi.et,  which,  as  ilhistrated  liy  Ocinita,  shown  on  one  side  the  cell- 
partitions  reaching  to  the  wcll-dofined  axis.  The  SMBe  fc'^uro  of  Jtetio- 
liten  is  shown  in  a  still  stronger  ili'gree  in  ho  figuv(  •-  of  Edward 
Suess.* 

Explanations  ov  Fioubrs  ov  Rbtiolites  BNSironMis,  Hall. 

Platb  XIV. 

1,  3,  3.    Tinlividuala  showing  gindutiona  in  growth,  and  slight  diU-r  nces  in  their 

proportions. 
4.  A  ni  urly  entire  stipe  of  the  largest  size  observed. 

0.  An  t  xlargement  from  the  specimen  fig.  4. 

Formation  and  Localitij. — Quebec  group  ;  near  Point  L<:jvis. 


Genus  RETIOGRAFIUS,!  Hall. 

Generic  characters. — Frond  simple?  or  compound,  consisting  of  numer- 
ous simple  stipes  in  l)ilateral  arrangement,  proceeding  from  an  a.xis  or 
radicle,  (or  of  single  stipes  growing  from  their  own  radicles  ?)  Stipes  vlon- 
gate-oval,  or  lanceolate,  with  longitudinal  axis  and  reticulate  structure; 
margins  ornamented  with  mucronate  points.  The  a.xis  often  extends  beyond 
the  substance  of  the  stipe  in  a  mucronate  tip,  and  in  one  species  there  are 
long  setie  extending  from  what  appears  to  be  the  base  of  the  snipes. 

I  had  originally  referred  the  Jielioi/raptus  tentaculatuH  to  the  genus 
ItetioUtes  of  ]3arraiide  (describing  it  under  the  genus  Graptolithus^.  A 
farther  examination  of  its  structure,  together  with  that  of  a  sjjeeies  from 
the  shales  of  Norman's  Kill  near  Albany,  induced  me  to  separate  them  from 
ItetioUtes,  and  propost  the  name  of  lietlujraptm.  Subseiiuently  an  exam- 
ination of  some  specimens  from  the  Utica  formation  from  Lake  St.  John  in 
Canada,  revealed  a  i  linute  compound  fnmi  which  is  illustrated  in  fig.  9  of 
pi.  xiv.  Although  presenting  some  slight  differences  from  the  other  two 
known  species,  I  conceive  it  not  to  be  ^enerically  separable  from  them. 
The  specimen  is  extremely  mtm-esting  for  its  illustration  of  a  mode  of  growth 


•  Ueber  Bomischen  GrAptoIitheii,  von  Edward  Suess.  Naturwissenschaftliche  Ab- 
handlungen,  IV  Band,  IV  Abth.  Tub.  VII,  1851. 

t  A  species  of  tli.  =  genus  \xm  beoii  describe  din  the  third  volume  of  the  Palreon- 
tology  of  New- York,  Supplemem,  p.  518 ;  and  in  the  Thirteenth  Report  ou  tho  State 
Cabiuol  of  Natural  History  ;   but  uo  generic  description  was  given.. 
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not  before  known  in  forms  of  this  kind,  and  suggests  the  possiliility,  if  not 
the  proba1)ility,  that  some  others  of  the  bi-celhUiferous  or  diprionidian  forms 
may  have  grown  with  this  compovmd  arrangement  of  the  parts. 

The  stipes  of  the  specimen  figure  U,  if  separated,  present  an  aspect  very 
analogous  to  those  of  Dlplograptus  and  lietiolites,  and  would  not  be  sup- 
posed to  have  had  any  different  mode  of  growth.  The  setiform  processes 
at  the  base  of  some  of  the  species  may  be  regarded  as  an  objection  to  tho 
compound  mode  of  growth ;  but  this  feature  would  offer  a  still  greater 
objection  to  regarding  tl'ose  stipes  as  simple,  and  as  having  grown  from  an 
indej~  adent  i-adix.  'j'  3  three  species  of  the  genus  now  known  to  me, 
present  some  important  points  of  difference  one  from  the  other,  and  there 
still  remnins  some  obscurity  regarding  the  arrangement  of  the  cellules. 

These  forms  arc  nearly  related  to  the  lietiolites  of  Barrande  ;  but  the 
texture  of  the  specimens  examined,  and  the  arrangement  of  tho  parts, 
differ  so  much  from  authentic  specimens  of  li.  Geinitzianun,  that  I  have 
separated  them  under  the  above  designation. 


RETIOGRArTUS   TENTACULATUS,  Ilall. 

Plate  XIV,  figures  6-8. 


(Graptolithus  TENTACULATUS  :  (Genus  Reliolitcs,  Barrande)  Geological  Survey  0/ Canada, 

Report  for  1857,  p.  134.) 

Description. — Original  form  of  the  entire  frond  unknown.  Stipes  simple, 
narrow,  very  elongate-elliptical  when  entire,  narrower  at  the  base,  and 
gradually  expanding  above  to  the  middle  of  their  length ;  where  they  attain 
the  greatest  width,  and  become  gradually  narrower  above,  with  the  apex 
obtuse  or  rounded. 

Central  axis  strong  and  well  defined,  extending  beyond  the  stipe  a  dis- 
tance equal  to  half  its  length :  base  furnished  with  two  elongate  diverging 
sette,  which  extending  from  the  outer  edges,  gradually  curve  down- 
wards, and  finally  assume  a  directi<Mi  nearly  parallel  to  the  axis.  AVithin 
these  long  outer  processes,  and  proceeding  from  the  centre  of  the  base  of 
the  stipe,  there  is  an  extension  of  the  filiform  axis,  Avliich  sometimes  appears 
in  its  duplicate  character. 

Exterior  margins  reticulate,  furnished  Avith  a  row  of  hexagonal  meshes, 
separated  by  slender  processes  cxti-nding  from  the  substance  of  the  stipe, 
which  unite  in  a  continuous  filiform  border ;  from  this  proceed,  at  about 
every  second  reticulation,  short  setiform  spines,  which  in  the  middle  of 
the  length  of  the  stipe  are  rectangular  to  the  axis,  while  nearer  to  the  base 
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and  to  the  apex  they  arei  inclined  towards  the  axis  in  opposite  dii-ections. 
These  spines  are  sometimes  on  the  outer  margin  of  each  mesh,  and  some- 
times visil)lc  only  on  every  third  one.  With  these  rows  of  meshes,  Avhcn 
preserved,  the  stipe  has  the  ajipcarance  of  a  ilattcncd  corneous  film  with  a 
central  axis,  which  is  divided  into  cellules  us  hi  other  fomus  of  GrajduHliJie  ; 
and  Avhou  the  outer  meshes  are  broken  off,  these  ci'l!-di\isions  project  as 
mucronato  points  beyond  the  margin  of  the  stipe.  These  marginal  meshes 
correspond  to  the  divisions  of  the  stipe  marked  by  the  cell-j  artitions,  and 
might  be  regarded  as  showing  tlio  limits  of  the  coll-aperturo.-i,  whlcli  have 
opened  obli(|uely  to  the  transverse  direction  of  the  stipe.  These  meshes 
or  collides  are  arranged  in  the  proportion  of  about  twenty-eight  in  the  sjiaco 
ofanuich,  the  sti[c>i  being  usually  nearly  three  fourdis  of  an  inch  (the 
longest  one  eighty-three  hundredths)  hi  length. 

We  have  no  evidence  that  the  test  is  punctate,  and  it  has  all  the  ap- 
pearance of  the  ordinary  graj-tolitcs.  The  greatest  width  observed  in  any 
stipe,  exclusive  of  the  marginal  meshes,  is  seventeen  hundredths  of  an  inch. 
In  one  specimen  the  extreme  length  of  the  stipe,  exclusive  of  the  radicles 
and  extended  axis,  is  seventy  hundredths  of  an  hich  ;  and  the  width, 
exclusive  of  the  meshes,  is  fifteen  hundredths,  and  including  the  meshes, 
twenty  luuidredths  of  an  inch. 

The  specimens  examined  are  all  extremely  compressed,  so  that  it  is  im- 
possi^>le  to  determine  any  points  of  structure  beyond  those  presented  upon 
the  surface.  I  do  not  suppose  that  the  original  form  has  been  that  of  a 
flattened  stipe,  but  rather  of  a  (piadrangular  or  fusiform  sac,  iierhaps  even 
convex  on  one  side  and  flat  or  concave  on  the  other.  The  cell-divisions 
arc  traceable  almost  to  the  central  axis  ;  and  it  is  the  continuations  of  these 
that  form  the  reticulation  of  the  margin,  and  are  again  produced  in  seti- 
form  spines.  It  is  impossiljle  to  reconcile  a  structure  like  this  with  any 
thing  previously  described  among  the  GraptoUtuhe  ;  aiid  though  our  views 
of  their  structure  may  be  somewhat  modified  by  an  examination  of  l)etter 
preserved  specimens,  they  cannot  be  united  with  the  ordinary  forms ; 
so  that  while  lidioJites  is  separated  from  Grapt'ilithus  proper,  we  may 
regard  this  form  as  cipially  entitled  to  generic  designation. 

Explanations  op  Ficuniis  of  RuTiocaiArrus  tentaculatu?,  Ilall. 

Platk  XFV. 

C.     All  individual  of  tlie  natural  size,  willi  the  iiiarijinal  reticulations  nearly  entire. 

7.  Till'  procediu!^  s|ieriiiien  ciilavijed. 

8.  All  eiilari,'euii'iit   of  anotlier  individual,  wliero   the   marginal   reticiilalions  are 

but  iiartirtlly  in-esorved. 

9.  An    illusUation   of  a   conipound  form    of  lirlic^niplus  {R.  curluiris),  from  the 

Utica  formation  of  Lalie  St.  Joim.     (I'or  a  d-'scripiiou  of  this  species,  see 
Appendix.) 

Furmation  and  Localitj. — C^iobec  group  ;  Pohit  Levis. 
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Genus  rnYLLOGRArTUS,  Hall. 

Gr.  'l>vK\ov,foUu7n,  nnd  'ypa<pai,  scribo, 
(PnYLLonnAPTCs:  Gcologicul  Survey  of  Cunadu,  Uo[iort  for  1857,  page  l.T,".) 

Gcnn-i'-  characters. — Frond  consistin^^  of  simple  or  compoTiiKl  foliiform 
stipes,  wliieli  are  celluliferons  upon  the  tAvo  opposite  sides,  tlic  margins 
havinv:  a  mucronatc  extension  from  ouch  cellule  :  or  consi-tinii;  of  similar 
forms  united  rectangularly  to  each  orlier  l)y  tlieir  longitudinal  axes,  and 
furnished  on  their  outer  margins  with  similar  cellules  ;  the  whole  supported 
on  a  slender  radicle,  or  combined  in  groups. 

These  forms  are  analogous  in  struetiire  to  TJiplographis  ;  but  instead 
of  two  sinijle  stipes  united  by  their  solid  axes,  Ave  have  in  the  examples 
illustrated,  four  stipes  united  in  a  similar  manner,  giving  four  seiuiratc  and 
inde|:end;i:it  sets  of  cellules.  The  cellules  have  likewise  a  jiroportionally 
grcister  development,  giving  a  bror.dei-  form  to  the  stipes  than  in  typical 
species  of  .Dii>li)t/rap(us.  These  bodies,  which  usually  ap-pcar  u}  on  the 
stone  as  simple  leaf-like  expansions,  may  have  been  attached  in  groups  to 
some  other  sup^iort ;  but  tlie  firm.-,  of  most  of  them,  and  the  character  of 
the  projecting  radicle  at  tlie  base,  give  the  same  indication  of  the  cntirc- 
ness  (ii'  the  frond  that  we  have  in  ordinai-y  foi-ms  of  iJ/plvi/ra/i/nx, 

Of  all  th.e  Graptolit/da'.,  these  forms  furnish  perhaps  the  best  illustration 
of  the  lesser  development  of  the  cells  at  the  base  of  the  axis,  and  of  their 
on  above,  as  far  as  the  middle 
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tion,  as  in  fie;.  2.  In  this  -way,  from  the  accnmnlation  of  the  sediment, 
they  Avould  ))ecomo  compreissed,  as  in  fig.  3,  until  the  parts  6,  (/,  and  «, 
c  Avould  approach  each  other,  or  come  in  contact.  Lying  thus,  with 
the  slaty  laminfe  separating  above  or  below  them,  they  Avould  present  the 
aspects  of  figs.  G  and  t*,  i)l.  xv  ;  and  of  fig.  8,  plate  xvi. 


Vriien  the  parts  h,  a  are  removed,  tlie  parts  d,  c  remain,  showing  the 
ba*e  of  the  cellules,  as  in  figs.  4  and  ">,  pi.  xv,  and  figs.  -5  and  7,  pi.  xvi; 
while  in  tlie  oxample.5  where  the  margins  only  are  removed,  we  have 
appeaninees  like  fig.  0,  pi.  xvi. 
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PirYLLOGUAPTUS    TYPUS,  Ilall. 

Plate  XV,  figures  1-12. 

(PiiYi.i.oc.iiArTUS  TYI'CS  :   Geological  Siin-cy  of  CantnL:,  Report  for  1857,  iiago  137.) 

Di'ttcrijilhn. — Stipes  robtist,  compo,=;ed  of  four  semi-elliptical  parts  jniued 
by  their  straight  side.-;.  As  preserveil  uiion  the  shale,  these  bodies  are 
elongate-ovate  or  lanceolate,  broad  oval  or  oliovate  :  celhdes;'J)out  twenty- 
fiiur.  rarely  twenty-two,  and  sometimes  twenty-.-ix  in  the  space  of  an  inch, 
usually  obscure  at  the  margin  ;  axis  or  mid-rib  lu'oad,  often  crenulate  or 
serrate  ;  radicle  usually  short ;  in  some  specimens  about  half  an  inch  in 
leiiglh  being  preserved. 

The  stipe  originates  from  a  slender  pointed  radicle.  The  cellules  near 
the  l)ase  are  shnrt,  cmning  out  ahuost  rectangularly  to  the  axis,  or  slightly 
ascending  and  gradually  iiici'easing  in  width,  ciu'ving  backwards  or  down- 
wards, and  having  tlio  aperture  sometimes  nearly  at  right  angles  to  the 
axis  :  the  curvature  lessens  towards  the  middle  of  the  stipe,  a.nd  tlic  line  of 
aperture  is  parallel  to  the  axis  ;  while  above  this  they  are  iucliued  towards 
the  axis,  and  near  the  summit  tlicy  are  again  nearly  at  right  angles  to  the 
axis,  but  opening  in  a  direction  opposite  to  those  near  the  base.     Cell- 
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apertures  mucronate  by  the  continuation  of  tlic  cell-partitions,  the  mncro- 
nate  appendages  sometimes  appearing  to  be  double,  as  if  each  angle  of 
the  aperture  liad  been  thus  ornamented.*  Central  axis  linear,  from  half  a 
line  to  nearly  a  line  in  -width.  In  some  examples  there  is  an  apparently 
greater  Avidth,  -which  is  probably  due  to  a  slijjping  of  the  test.  This 
central  axis  is  often  crenulate  from  the  bases  or  impressions  of  cellules  of 
the  other  division,  which  is  rectangular  to  that  part  of  the  frond  pre- 
served. 

This  species  assumes  a  variety  of  forms,  and,  from  an  examination  of 
specimens  of  the  extremes,  they  might  be  regarded  as  distinct  sjjccies. 
After  examining  several  hundred  specimens  however,  I  am  not  able  to 
find  constant  characters  to  establish  specific  dilforences.  The  individuals 
figured  represent  the  principal  varieties.  I  have  not  thus  far  observed 
forms  intermediate  between  the  short  broad  and  the  elongate-oval  ones, 
but  they  may  be  found  in  larger  collections.  The  number  of  cellules  in 
entire  fronds  varies  in  dilferent  individuals  from  twenty-five  to  fifty  on 
each  side,  according  to  the  size  and  form  of  the  specimen. 

The  specimens  ai'c  all  compressed,  and  the  rectangular  arrangement  of 
the  i)arts  of  the  frond,  as  seen  in  P.  HutifuUmt,  cannot  be  seen  in  these ; 
the  evidence  of  this  character  behig  the  serratures  along  the  central  axis, 
-which  are  transverse  to  those  of  the  two  sides.  The  proportions  of  length 
and  breadth  vary  extremely  ;  one  of  the  broad  forms  has  a  -width  of  five 
tenths  of  an  inch,  with  a  length  of  eight  tenths  of  an  inch,  while  a  long  form 
is  two  and  an  eighth  inches  in  length  and  six  tenths  of  an  inch  wide  in 
the  widest  part. 

In  a  single  fragment  of  the  shale  containing  this  species,  the  number  of 
individual  stipes  within  a  small  space  is  so  great  as  to  suggest  the  proba- 
bility that  these  have  originated  from  a  connnon  axis,  as  in  Rdhxjraptus, 
and  have  been  separated  but  a  little  distance  from  their  centre  of  attach- 
ment. With  one  exception,  all  these  are  of  small  size,  and  i)rcsent  no  greater 
variation  than  is  observed  in  the  stipes  of  a  single  frond  of  liciivjrcqjtus, 
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9,  plate  xiv. 


Explanations  of  FioruES  op  PiiYLLonnAPTra  tvpus,  ITall. 
I'l-A-i-K  XV. 

1.  An  extremely  short  iind  brnml  Fnnti  of  tliis  spocicp,  villi   tlio  nxis  broad,   and 

sliowiiig  some  remains  of  tin'  ci'lluk's  al,  tliu  liiisc  of  llii' separated  division. 

2.  All   cloiigate-ovale    ftjriu    of  stipe,  with    a   broad   axis,   wliicli    does  not  show 

remain-  of  cidlnles.     Some  of  the  cellules  in  !lie  iipjier  part  of  the  slijie  are 
iilled  Willi  iron  pyrites. 


*  This  feature  may  jn-S.^lily  bo  sometimes  due  to  the  overlapping  of  two  adjacent 
folia,  so  as  to  bring  the  cell-inirtitions  and  cell-dcnticlcs  near  to  and  lairallel  with 
each  other,  showing  a  denticle  from  each  one. 
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3.  A   form   similar  to   tlie  preceding,  showing  remains  of  cellules   on  the   upper 

part  of  the  axis. 

4.  An  elliptical  form  of  stipe,  where  two  of  the  divisions  have  been  separated^ 

leaving  tlie  ba?os  of  two  sets  of  cellules. 

5.  A  broaiUy-elliptical  form,  from  which  two  of  the  divisions  and  the  axis  have 

been  removed  ;  showing  the  bases  of  the  cellules  of  the  folia  remainiug  in 
the  slate, 
C.  A  stipe  comju'essed  in  tlic  same  direction  as  fig.  3  of  tlie  generic  illustrations, 
page  119  ,  witii  a  part  of  one  of  the  folia  removed,  but  not  reacliiiig  to  tho 
axis.  The  lines  of  t^e  cell-partitions  appear  as  if  continued  across  the 
axis. 

7.  An  elongate-lanceolate   form   of  stipe,  which  docs   not  show   cellules   in   the 

line  of  the  axis. 

8.  An  eloi.gate-elliptical  and  very  symmetrical  specimen,  showing  the  marks   of 

cellules  al(<ng  the  axis,  whicli  is  unusually  narruw. 

9.  A  part  of  a  stipe  folded  in  the  manner  of  fig.  6,  the  upper  portion  of  one  side 

preserving  only  the  impression  of  tlie  substance.  In  the  lower  part,  the 
cell-markings  on  the  axis  should  be  shown  more  dislinetlj'. 

10.  A  group  of  small  stipes  ujion  the  surface  of  a  piece  of  shale.     These  are  given 

in  tlieir  natural  size  and  in  their  actual  relations  to  eacli  other. 

11.  An  enlargement  of  a  part  of  an  impression  of  a  stipe  which  has  been  flattened 

iu  tlie  direction  of  figs.  G  aud  9.  A  portion  of  the  substance  remains,  as 
sliown  on  tlie  l-jft  iiaud  ;   the  cellules  filled  with  iron  pyrites. 

12.  An   enlarged    jiortion    from   a   stipe,    showing    tlie    double   cell-denticles   and 

corresponding  cell-partitions.  The  narrow  s  ices  on  the  surface  of  tho 
figure  are  more  elevated  than  the  wider  ones,  with  a  greater  thickness 
of  the  substance ;  whicli  I  suppose  may  have  been  caused  by  the  cell- 
partitions,  v.-hich  arc  obliquely  compressed,  thus  showing  the  cell-denticles. 
These  elevated  spaces  become  gradually  narrower  towards  the  axis,  in 
accordance  with  the  form  of  the  cells,  as  shown  in  the  theoretical  figure  10, 
plate  xvi. 
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Formation  and  Locality. — Quebec  group;  Point  Levis. 


PlIYLLOORAPTUS  ILICIFOLIUS,  Hall. 

Plate  XVI,  figures  1-10. 

(Pii.  ILICIFOLIUS  :  Geological  Survey  of  Canada,  Report  for  1857,  page  l,^0.) 

Description. — Frond  broadly  oval  or  ovate :  axis  broad;  radicle  short; 
cellules  from  twenty-eight  to  thirty-two  in  the  space  of  an  inch,  varying 
sliditly  with  the  proportionate  length  of  the  frond. 

Tlie  rndiclo  is  rarely  visible  in  the  specimens  examhied.  The  cellules 
from  the  base  are  at  first  slightly  ascending,  and  gradually  curve  outwan^.s 
and  downwards,  so  that  the  line  of  aperture  is  nearly  rectangidar  to  the 
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axis.  Tliig  cnrvaturc  becomes  less  in  tho  liigher  cellules  ;  tlioso  of  tho 
middle  oi)cn  ueiirly  parallel  to  the  axis,  and  finally  at  the  .siuumit  open 
in  a  direction  opposite  to  those  of  the  base.  Ccll-apertin-cs  mucronate, 
by  the  extension  of  the  cell-partitions  beyond  tho  opening,  in  nearly  their 
full  width  ;  but  seen  iijjon  the  edge,  they  ai)pear  as  sctitbrm  processes.  Tho 
test  is  striated  parallel  to  the  cell-apertures,  which  have  a  concave  outline. 

As  the  specimens  lie  upon  the  surface  of  the  shale,  the  central  portion, 
for  about  half  a  line  in  width,  is  usually  rough,  and  the  broken  cellules 
are  clearly  distinguishable  ;  while  on  each  side  are  the  semi-oval  divisions 
of  the  frond,  with  tho  cellules  spreading  from  the  central  axis. 

Tho  entire  frond  in  reality  consists  of  four  seini-oval  or  somi-ovato 
folia,  which  are  joined  rectangularly  by  their  longitudinal  axes,  and  in  a 
transverse  section  in'csent  a  regular  cruciform  figure.  The  expansions 
of  the  two  sides,  when  laicr-illy  compressed,  show  distinct  cellules  with 
projecting  mucronate  extensions :  those  which  are  vertically  compressed 
have  the  outer  portions  broken  oif  in  the  sejiarated  lamiuiic  of  slate, 
and  present  the  bases  of  the  cells  ;  which  have  been  sometimes  filled  with 
mineral  matter,  and  distended  before  being  imbedded.  In  a  few  iustauccs 
tho  cells  of  the  lateral  portions  are  filled  in  the  same  manner,  appearing 
as  curving  conical  tubes  Avith  the  bwader  extremities  outwards. 

"When  the  ])ases  of  the  cellules  of  the  upper  or  nearest  of  tho  folia 
remiiiu,  they  arc  seou'to  bo  directed  obli(piely  downwards  to  the  axis;  but 
sometimes  in  the  process  of  se|)aration  these  bases  are  removed  wholly  or 
in  part,  and  the  bases  of  the  opposite  folium  are  seen  below  the  jilane  of 
the  two  lateral  folia,  or  their  impressions,  which  are  spread  oiit  on  the  sur- 
face of  the  slaty  lamina :  these  cellules  are  then  clearly  observed  to  bo 
directed  upwards,  as  we  see  tl^em  from  below. 

It  not  unfre(pieat]y  happens  that  this  broad  celhdiferous  axis  is  reduced 
to  an  undulating  Ihic,  which  results  fnmi  compression  in  a  direction  olilicpio 
to  the  rectangularly-arranged  folia,  as  in  fig.  2,  i)age  11'.',  so  that  the  two 
adjacent  parts  are  spread  out,  and  conseiiuently  no  central  line  of  cellules 
would  bo  seen.  "When  these  have  been  divided  longit\i(linally  a  little 
on  one  side  of  the  centre,  two  sets  of  cellules  are  often  seen  penetrathig 
the  stone  in  oblitpie  directions  to  the  lamimu  of  shale. 

Tiie  c<mdition  of  preservation  in  several  specimens  cxamhied  is  such  as 
to  render  unavoidable  the  conclusion  which  I  have  given  above,  as  to  their 
modt'  of  growth,  however  anomalous  it  mtiy  seem. 

This  si)ecies  differs  from  P.  iiipna  in  its  thicker  substance,  [iropor- 
tionally  shorter  and  broader  form,  and  more  closely-arranged  cellules. 
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Explanations  op  Fiouues  of  PnYLLOGnAi'Trs  iiicifoml's,  Hall. 
Pl\te  XVI. 

An  iniliviiliirti  of  the  natiiriil  si/c,  wlmro  tlip  foliii  /),  a'  iirp  l)rokon  oiilircly 
nway  bcyonil  llio  axis,  leaving  tlic  bases  df  llic  cllulos  of  two  adjacent 
folia  virfiblu  except  at  tlie  uiiiier  ]>art  of  the  (ig-iire,  where  two  or  three  of 
the  bases  of  the  other  cellules  remain. 

A  similar  specimen,  showing  the  liases  of  a  set  of  cellules  on  each  side  of  the 
centre,  with  two  or  three  of  those  belonging  to  the  briikeii  folium  at  ihe 
base  of  the  figure. 

An  enlargement  of  lig.  2,  showing  more  ili^tinctly  the  cellules  on  each  side 
(if  the  central  line,  and  the  small  remaining  portion  at  the  base. 

A  siieeinien  of  the  natural  si/.e,  where  one  folium  is  broken  away  not  (lulte 
so  far  as  the  axis,  leaving  the  bases  of  its  cellules  visible. 

An  enlirijiMl  figure  from  a  spceimeii  which  has  been  imbedded  transver'^eh". 
Tiiree  of  the  divisions  have  been  broken  away,  leaving  impressions  of  the 
lateral  ones  only,  and  of  tlie  cell-bases,  and  cell-partitions  of  the  fourth 
division,  which  are  directed  oliliiiuely  upwards  from  the  axis  and  point  of 
view.  The  lower  part  of  the  specimen  preserves  a  portion  of  the  lateral 
folia,  with  the  bases  of  the  cells  of  the  outer  division  a',  which  are  directed 
towards  the  axis. 

An  enlargement  of  a  specimen  which  is  imbedded  obliquely,  or  in  a  direc- 
tion as  if  the  theoretical  lignre  10  were  vertically  compressed,  leaving 
no  visible  axis.  In  the  lower  half  of  the  specimen,  the  fossil  has  been 
separated  in  the  ojiposile  slaty  lamina>,  leaving  only  the  impression  of  the 
opposite  side,  which  .also  shows  no  axis.  In  the  upper  half  of  the  spncimen, 
the  cellules  are  well  preserved    and  on  the  left-hand  side  ihe  apertures  are 


consiucuous. 


Knl 


il  to  three  diameters. 


It  will  be  observed  that  the  inijiression  is   not  ([uitc   in  the  same  direction 
outline   in  theupper  portion  of  the  figure,  owing  to  the  ublhpiely- 


as  tlie 


comiiressec 


1  foil 


*!.  A  si)eeinien  compressed  in  the  same  manner  as  fig.  (! ;  the  upper  folia  have 
however  been  separated,  except  the  bases  of  a  few  of  the  cellules  in  the 
upper  i)art  of  the  figure,  leaving  the  other  two  folia  imbedded  in  the  shale, 
nnd  showing  the  bases  of  their  cellules  ascending  from  the  axis.  Enlarged 
to  tliree  diameters,  as  in  fig.  (i. 

8.  An  enlarged  figure  of  a  specimen  compressed  in  the  direction  first  described, 
williout  any  separation  of  the  parts  ;  from  whieli  cause  there  is  no  proper 
axis  visible.  In  this  condition,  thespeciinens  resemble  GraplulUhu^  folium 
of  llisiuger,  or  G.  nviilus  of  I'.arraude. 


An  enlargement  of  a   specime 


md   tl 


le  margins  ot   tlie  uppe 


n    coniprcssi 
f  tlr 


ssed  as   in   fig.  .'',  but  with   the  collules 


;'r  two  folia  broken,  showing  the  cell- 


|ienings.     (8  and  9  are  enlarged  to  twice  their  natural  size.) 


10.     A  restoration  of  tlie  form  of  P.  iliri/'iiliu^,  showing  the 


four 


lllVHIOUS 


ihich 


are  reiu'esented  as  cut  through  tvansver 


'^■ly, 


exhibiting  the  cell-cavities. 


Forniatl'in  and  LoeaUty. — (t>iiebcc  grotip  ;   Point  Lovis. 


*  These  letters  refer  to  the  iMnstrative  figures  on  page  119. 
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PiiYLLOGiiAPTUS  Anna,  Hall.  (n.  s.) 
Plate  XVI,  figures  11-10. 

Di'xcn'ptio)). — Consisting  of  flattened  elliptical  stipes,  Avliieh  arc  some- 
times broader  above.  Radicle  minute :  margins  celluliforous,  the  cell-aper- 
tures furnished  Avitli  long  mucronate  extensions.  Collides  rising  from  the 
axis,  expanding  in  width,  andcnrvingout\vardsand(h)wn\vards;  the  curvature 
diminisliing  hi  the  middle,  ■while  the  ujiper  ones  are  but  slightly  curved  : 
margins  of  the  apertures  regularly  concave  between  the  extensions  of  the  cell- 
partitions,  distinctly  striated  upon  the  sides  parallel  to  the  margins.  Axis 
cclhdifcrous,  its  width  five  hundredths  of  an  inch  in  a  specimen  of  forty- 
three  hundredths  of  an  inch  in  length,  the  entire  width  of  the  specimen 
being  twenty  iiundredtlis  of  an  inch  :  cellules  in  the  proportion  of  from 
thirty-six  to  thirty-eight  in  the  space  of  an  inch. 

This  species  is  shorter  in  [troportion  to  its  length  than  either  of  the 
others  ;  the  individuals  rarelv  or  never  reach  the  lenuith  of  half  an  inch, 
and  vary  from  one  eighth  to  seven  sixteenths  of  an  inch.  The  test  appears 
to  be  thicker,  and  the  cellules  more  distinctly  marked  than  in  P.  aiKjudi- 
folliis  ;  while  its  smaller  size  and  more  closely-arranged  cellules  distin- 
guish it  from  the  other  species. 


Explanations  op  Figures  op  PiivLLOGRAPTns  Anna,  Hall. 
Plate  XVI. 

11.  A  specimen  with  tlio  folia  obliquely  compressed. 

12,  13,  14.     Individiiiils  siiowing  some  vaiieiies  of  form.     The  specimens  have   all 

been  so  imbedded  tluit  one  of  the  follii  has  been  torn  a'vay  in  tiie  separated 
lamimv  of  shale,  leaving  an  a.xis  marked  by  the  bases  of  its  cellules. 

15.  An  enlargement  of  a  specimen  which   has  one  of  the  lamiiiic  vertically  im- 

bedded, and  shows  the  buses  of  the  cells  as  they  recede  from  the  axis.  The 
markings  at  the  sides  are  from  the  impressions  of  the  folia,  e.xcept  a  small 
fragment  of  one  remaining  on  the  left-hand  side  of  the  figure. 

16.  An  cnliu'genient  from  a  sitceimen  where  the  two  lateral  folia  remain,  showing 

the  bases  of  the  cells  of  the  folium  which  has  been  broken  olT,  in  the 
separated  laminie  of  slate.     The  surface  is  distinctly  striated. 


Formation  and  LocaVdj. — Quebec  group  ; 
Ste.  Anne. 


three  miles  above  the  river 


GRAPTOLITES. 


125 


PlIYLLOGIlAPTUS  ANGUSTIFOLIUS,  Hall. 

Plato  XVI,  figures  17-21. 

(Pii.  AN'orsTiFOLics,  Hiill  :  Geological  Survey  of  Canada,  Report  for  1857,  page  139.) 

Brsmption. — The  stipes,  as  seen  on  the  slaty  laminje,  arc  elongato-ellip- 
tical  or  clongato-lanccolato,  being  \isnally  a  little  broader  near  the  base. 
Radicle  scarcely  visible:  margins  collnliferous  ;  cellules  about  twenty-four 
in  the  space  of  an  inch  (rarely  twenty-six,  while  one  short  l)road  form 
shows  twenty-eight)  ;  cell-apertures  ■with  an  elong.ate  triangular  denticle, 
which  is  mucronatc  at  the  extremity  :  the  denticle  is  once  and  a  lialf  as 
long  as  the  width  of  the  cell.  Central  axis  from  three  to  four  hundredths 
of  an  incli  in  width,  obscurely  indented  by  the  cellules  of  the  other  divisions 
of  the  frond. 

This  species  differs  from  either  of  the  preceding  in  its  narroAV  and  elon- 
gate form.  The  specimens  are  numerous,  but  being  for  the  most  part  on 
slaty  krminue  which  are  extremely  compressed,  they  preserve  scarcely  any 
sul)stancc  ;  a  mere  outline,  witli  a  more  brilliant  surface  than  the  rest  of 
the  rock,  being  almost  tlie  only  remaining  characterby  which  they  aro 
recognized.  In  a  few  individuals  the  test  is  better  preserved,  showing  a 
moderate  thickness.  The  cell-margins  on  the  upper  side  are  less  extended 
on  the  ccll-[)artitions  than  in  the  preceding  species  ;  -while  on  the  lower  side , 
they  are  c(pially  or  more  extended,  giving  a  form  of  aperture  difl'ercnt 
from  that  of  the  other  species,  and  a  difleruut  denticle. 

Explanations  of  FiciunES  of  PiiYLLOcnAPTUS  AnousTiFOLics,  Hall. 

Platb  XVI. 


It.     A   small   and  comparntivclj-  wide  speeiracn,  with  a,  distinct  linear  axis,  but 
wiiliout  evidnnce  of  cellules. 

18.     A  more  elongate  spccimon,  with  distinct  axis,  with  a  darker  line  in  the  centre. 

11),  20,  21.     Varieties  of  form  and  proportion.     The  specimen  fig.  21  is  the  largest 
observed. 

This  species  is  placed  under  Pliyllograptus  from  its  similarity  in  form  to 
others  of  the  genus,  althoiigii  evidence  of  the  quadruple  division  lins  not 
been  established.  The  want  of  parallelism  of  the  margins,  and  the  sub- 
elliptical  form  would,  I  conceive,  be  sullicieut  to  remove  it  from  the  genua 
Viplograptus. 

Formation  and  Localitij. —  Quebec  group  ;  Point  Ldvis. 
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Genus  DENDllOGllAl'TUS,  Hall. 

Or.  Sfjipov,  (irbor,  and  ypa<pw,  scribo, 

Gcvcrlc  cliaracfcrs. — Frouda  siiuplo  or  a,ir,i;TOL!;atc,  cnnsistiii'j;  of  a  stronji; 
footstnlk,  which  i:^  somcthnes  lurnishiMl  l)c>lo\v  witli  a  distinct  root  or  root- 
like hull),  and  ahovo  is  variously  ramified,  and  .suhdividtMl  into  numerous 
1)ranchi\s  and  hranchlets,  which  arc  hut  sHghtly  divergent ;  the  whole  ])ro- 
duciii^'  a  hroad  sjircadin^i^shruh-liko  frond  :  (fronds  sometimes  tlah(>]late  ?). 
Branclios  celhdiferous  on  one  side  :  celhdes  apiiea'-in^^'somotimcs  as  simple 
indentations  on  tho  surface,  an<l  sometimes  distinctly  an;^ular,  with  the 
denticles  conspicuous,  In  some  specimens  the  cellules  are  indicated  hy 
l)roininent  pustidc-likc  elevations,  arran;j;cd  alon;^  the  centre,  oi-  in  sub- 
alternate  order  on  one  face  of  the  l>r:!ncli.  Suhstance  of  the  stipe  and 
branches  corneous,  solid  or  tubidar :  surf;ice  striated. 

These  bodies  present  specific  distinctions  in  the  strength  of  the  stipe  oi 
stem,  in  the  mode  of  l)ifiircation  and  number  of  branches,  in  the  charactci" 
of  the  surface,  and  in  the  general  form  of  the  frond.  The  celluliferous 
side  usually  adheres  to  the  stone,  and  we  perceive  only  some  simvlc  undu- 
lations or  uneipial  tliickening  of  the  back  of  tho  branches.  Often  tho 
branches  have  an  alation  on  one  side,  like  a  thin  pellicle  flattened  and 
extomh'd  iil'iug  tlie  more  solid  axis.  Tlie  radix  or  radicle  consists  of  an 
expansion  of  the  footstalk,  and  in  one  species  appears  like  a  flnttcncd  bulb 
or  disc,  of  irregular  foi-m.  The  footstalks,  wh.en  Avell  ;  .esin-viMl,  are 
marked  l)y  interrupted  longitudinal  striic,  and  the  nou-cellulifcrous  faces  of 
the  l)ranches  are  variously  striated,  the  striic  in  most  instances  being 
uneipial  or  interrupted  in  their  course. 

In  the  study  of  the  fossils  of  this  general  character,  I  have  indicated 
the  species  from  the  Potsdam  sandstone  of  the  Mississippi  valley  as  the 
typical  form  of  tho  genus.  In  this  one,  the  cell-denticles  are  ([iiite  con- 
spicuous and  distinctly  angular  ;  while  in  some  of  the  sjjecies  from  the 
Quebec  group,  the  form  of  tlie  cell-denticles  is  obscure,  and  in  others  it  is 
shown  only  as  a  round  or  eHi[»tical  pit  or  pustule,  depending  on  the  con- 
dition of  preservation.  These  differences  in  the  form  of  the  cellule  lead 
me  to  suppose  that  a  farther  sulidivision  of  this  group  may  become  neces- 
sary;  but  ill  the  condition  of  the  specimens  in  the  collection  lielbre  me,  I 
do  not  feel  justified  in  attempting  to  do  this  at  the  jiresent  time. 

There  is  likewise  a  gradation  in  the  mode  of  growth  among  the  species, 
by  which  thei'c  is  an  apparent  transition  from  the  form  of  Dc/n/roi/rd/ifiis 
proper,  to  those  similar  to  JJuiijoneina.  I  have  thaught  it  necessary  to 
separate  two  forms  of  the  latter  type  inidcr  another  designation. 

The  following  figures,  already  published  in  the  Geological  lleport  of 
Wisconsin,  illustrate  tho  character  of  tho  species  of  this  genus  from  the 
Potsdam  sandstone. 
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DiCNDHoriRAPTrs  IlAi.i.iAxrs,  Pruut. 

n.  A  portion  of  the  frond,  of  the  n.'itnral  size. 
h.  All  cnlargi'menl  of  one  of  tlic  bninclili'ls,  sliowincr  the  colliilcs. 
c.  Till.'  main  stipo  iiml  sonic  of  l!u'  principal  braiiclilfts,  natural  fize.     Thrro  is  nn 
expansion  or  protuberance  at  tliu  base  or  railicle,  one  side  of  which  is  brulicn  olT. 


Dexdrograptus  fi.exuosus,  Hall.  (n.  s.) 
Plate  XVIT,  figures  1,  2. 


Jji'scrlption. — Frond  liroadly  cxiianding.  Stipe  short,  flcxuotis,  l)ranch- 
111,2;  near  tlic  base  :  branches  sonunvhat  regularly  1)1  furcating,  the  divisions 
suh-cunal  in  strength  and  e(|ually  diverging.  Stine  luid  branches  flatten- 
ed, (round  in  their  original  I'orin,)  very  gradually  diininishhig  towards  their 
extremities,  iloxuous,  the  margins  of  the  lover  ones  scarcely  nndidating  ; 
the  upper  (ines  more  distinctly  undulating,  and  sometimes  showing  the  cell- 
denticles  when  viewed  upon  the  non-celluliferous  side.  Cellules  long, 
narrow,  extremities  free  :  coU-denticlos  angular,  about  thirty-three  in  the 
space  of  an  inch. 

This  species  is  less  robust  than  D.  fruficitsus,  the  stipe  more  flexu- 
ous,  the  brandies  proportionally  broader,  their  divergence  more  e^ual  and 
at  a  greater  angle,  giving  a  wider  expansion  to  the  frond.     The  brunches 
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arc  not  so  distinctly  unduliiti'd  hy  tlio  projection  of  tlio  cells,  and  whenever 
these  are  visil)lo,  the  form  of  the  aperture  or  cell-deuticlo  ia  a  distin^iiuiah- 
ing  feature. 

In  a  specimen  of  coarse  greenish  or  olive  shale,  which  contains  this 
species,  we  find  also  a  few  fragments  of  graptolites,  among  which  we 
recognize  6r.  bri/utioidcs ;  and  in  another  specimen  of  coarse  brown  shale, 
wo  find  it  associated  with  I*liijllojr(q/tm  tijiJiits  and  Dendrotjriiptm 
fruticosus. 

Explanations  of  Fioiiieb  op  DENonoonAPTCB  flexuoscs,  IltiU. 


Platb  XVII. 


1.  A  smnll  frond  of  tlio  nuturnl  size. 

2,  A  pint  of  u  liu'gor  froiul. 


The  characters  of  the  celhilos  and  douticlos  referred  to  in  the  descrip- 
tion, are  derived  from  some  l)rauchlets  of  tlu'  specimen  figure  2,  which  show 
these  features  in  a  very  satisfactory  manner.  The  illustration  was  unin- 
tentionally omitted  from  the  i.uite,  ami  is  given  in  tl'.o  accompanying  figure. 


3.     An  cnlnrgement  of  some  of  the  branclilets  o{  Dcndrogniplus  Jkxuosus. 

Formation  and  Local'dij. — Quebec  group ;  Point  L6vis. 
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DENDROdUAPTUS   DIVER(JENS,   Hall.    (u.  S.) 

Plato  XVII,  figures  3,  4. 

Description. — A  fi-a;4ment  of  a  frond  of  this  species  shows  a  floxuous 
stipe  of  luodorato  strength,  with  sUmkIov  bifurcating  branches,  the  divisions 
numerous  and  widely  diverging  :  collules  arranged  in  alternating  order  on 
the  oppo.sito  margins  of  one  i'aee  of  the  stipe  ;  non-eelluliferous  face  very 
obscurely  striated. 

This  sjjecies  differs  from  all  the  others  in  its  regular  bifurcation,  and  in 
the  wide  divergence  of  the  branches.  The  specimen  is  extremely  com- 
pressed, and  the  cellules  are  only  determined  by  indentations  in  tli;;  shale. 
It  occurs  in  the  same  shales  with  JJ.  crci;liin,  (ji'dptDlithm  L(><i<in!.,  G: 
(/uaJribntchiatun,  Cr.  denticaUilm,  Of.  arcuatuH,  (J.  Bijdiiji,  and  others. 


'.^ 


Explanation  op  Ficuues  of  DuNDnooRArTcs  diveugkns,  Hull. 

Plate  XVII. 

3,  4.    A  spccimea  of  natural  size,  and  an  enlargement  of  the  same. 

Formation  and  Localitj. — Quebec  group ;  Point  Levis. 


Dexduoguaptus  stuiatus.  Hall.  (n.  s.) 
Plate  XVII,  figures  5-6. 


Description. — Frond  numerously  branched,  spreading.  Stipe  below  the 
branches  unknown.  Branclies  cylindrical,  tubidar,  sub.stance  thick  and 
strong  :  branches  and  branehlets  moderately  diverging  ;  non-cell uliferous 
side  finely  striated  longitudinally ;  strife  contixuious,  gently  undulating. 
CcUuliferous face  striated  :  cellules  minute,  arranged  in  an  alternating  scries, 
or  in  an  undulating  line,  upon  one  face  of  the  branches.  The  indenta- 
tions left  in  the  shale  give  an  appearance  as  of  a  sijigle  linear  range  of 
cellules.     Cellules  in  the  proportion  of  thirty-six  to  an  inch. 

This  species  is  readily  distinguis'ied  by  its  striated  surface.  In  mode 
of  branching  it  resembles  D.  crcdus;  butdilfersin  the  striaj,  and  in  having 
cellules  on  the  lower  part  of  the  branches.  The  specimen  is  hi  a  grceuish- 
olive  shale. 
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Explanations  op  FinciiKS  or  DENDnoanAPTDS  striatus,  Hall. 

Pr,ATK  XVII. 

5.     A  fi'iifrmfnt  of  n  frond,  prosorviiirr  tlie  bnscs  of  some  of  the  branches. 
G.     A  portion  of  tlie  non-celluliforous  surface  enlarged. 

Formation  and  Locality. — Quebec  group  ;  Point  Levis. 


Dexduoc.rai'tds  erectus,  Hall.  (n.  s.) 
Plate  XVII,  figure  7. 

Description. — Stipe  strong,  elongated,  erect,  nearly  straight.  Branehos 
aTternatc,  ascending,  and  causing  at  tlieir  offset  a  slight  bending  or  diver- 
gence of  the  stipe:  branches  bil'urcating,  branchlets  alternathig  ;  all  very 
slightly  spreading,  the  stipe  maintaining  a  greater  diameter  than  the  branches 
as  far  as  the  eiglith  bifurcation  (in  the  specimen),  beyond  which  it  is  broken 
off.  Cellules  visible  on  the  brancldets  only  as  slight  exiiansions,  causing  an 
iindulation  on  the  margins,  aiid  in  the  impressions  causing  slight  indenta- 
tions on  the  surface  of  the  matri.\'.  Surface  of  the  stije  and  lower  part  of 
the  branches  entirely  smooth  under  an  (U-dinary  lens. 

This  species  differs  from  all  otliers  of  the  collection  in  the  elongated  and 
nearly  straight  stipe,  which  maintains  its  dii^tinction  from  the  branches  for 
a  long  distance  above  the  base.  It  differs  from  the  strong  stipes  of  D. 
fniticoHHii  in  the  almost  regularly  alternating  l)ranches,  which  are  distantly 
and  somewhat  c(pial!y  bii'urer.ted.  Tlie  stipe  appears  to  have  been  a 
strong  cylindrical  tube  of  dense  corneous  texture,  and  the  lower  pai't  of 
the  branches  have  the  same  character.  The  compressed  specimen  is 
marked  along  the  middle  of  both  sides  by  a  longitudinal  groo\'e.  which 
ajipicars  to  have  been  produced  by  the  Hattening;  of  the  stip.e.  The  total 
absence  of  stri;c,  and  apparently  of  cellules,  on  the  stijie  and  lowi^r  ]iart  of 
brandies,  together  with  tlie  very  sllidit  divergence  of  the  liraiiehes, 
are  features  peculiar  to  this  species.  It  occurs  in  the  same  association  as 
Z>.  divcrijcns. 

Exi'LAxPriox  (IK  FicntK  or  Di;.\iii!0(iii,\i-rL's  kiiecti-s,  Hull. 

ri.ATK  XV H. 

7.     Tlie  lU'incinal  stipe,  anil  brtsta  of  some  of  tlie  liniiiclies,  of  the  natural  .size. 
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DkN-DROGRAPTUS  I'KUTICOSUS,  Hull.    (u.  s.) 

Plate  XVII,  figures  8,  9. 

Description. — Frond  robust.  Stipe  strong,  rounded  below,  and  sometimes 
terniinating  in  a  root-like  expansion,  tl;ittened  al)ove,  and  irregularly  liifur- 
cating ;  tlic  branches  freciueutly  subdivided,  the  bifurcations  continuing 
almost  to  the  extremities.  Branches  and  l)rauehlcts  some\Yhat  rounded  and 
undulating  or  zigzag  hi  direction,  smooth  or  indistinctly  striated  on  the  non- 
cellulifcrons  side.  Cellules  in  alternating  series  o)i  the  0[)iiosite  margins  of 
the  celhdit'erous  side,  and  distant  aliout  twice  the  -width  of  the  Iiranch  ; 
from  about  thirty-throe  to  thirty-six  in  the  space  of  an  inch  ;  swelling 
out  towards  the  apertures,  and  giving  the  inidulating  apj)cavauce  to  the 
branches.  Cell-denticles  angular  or  sul»-angidar,  twice  as  long  on  the 
lower  >-!o>)e  as  on  the  upper  or  aperture  side.  The  cellules  make  an 
angle  with  the  axis  of  apparently  between  25'^  and  00°. 

This  species  is  alnuidant  in  the  coarse  shales  which  contain  PliijUiiijrdp- 
tus  tj/jja.<.  The  general  aspect  is  that  of  a  delicate  jJant,  and  it  reijuires 
carcud  observation  to  detect  the  celluliferous  character  of  tlie  branches  ; 
the  Ci'lluliierous  side  also  more  fre([uently  adheres  to  the  stone.  In  the 
imp.ressions  thus  left  after  the  remo\al  of  the  substance  of  the  branch,  as 
Avell  as  upon  the  branches  themselves,  we  see  the  cellules  arranged  on  the 
margiiis  in  alternating  scries,  but  with  tlie  apertures  opening  on  the  same 
side. 

AVhenever  the  pressure  has  lieen  upon  the  non-celluliferous  side,  ami  that 
side  is  exposed,  the  evidence  of  celiules  consists  of  little  mure  tlian 
enlargements  of  the  sides  of  the  branches.  When  a  stipe  is  turned  a  little 
on  one  side,  a  row  of  cellules  1)ecome:-  visiltlc  ;  and  a  further  turning  of  the 
liraneh  discloses  the  two  series,  or  lae  alternating  ranges  of  cellules.  The 
form  of  the  cell-denticle  is  nmch  inlluenced  by  the  direction  of  the  preS'^urc 
ujion  the  branches,  and  also  by  the  character  of  the  surrounding  nmtrix. 
'I'lie  root-like  (ixpansion  at  the  base  does  not  appear  to  have  been  more  solid 
than  the  stipe  above,  and  is  in  a[:pear;iHee  not  unlike  the  central  discs  of 
the  uniserrate  graptolites. 

Exi'i,ANATi().\3  01.'  Fuiuiti:;*  01'  Di;\rmoi'.iiAPTU3  fuuticosi's,  UiiU. 

I'LATK    XVII. 

S.     A  iVonil  wliii'li  is  iiiipurciitly  nomly  cntiri'. 

9.     A  111  MO  dill'iHo  foi-in  ol'llio  .s;iiiu'  siifcio^,  will)  somo  of  the  brandies  broken  off. 

F'.'i'nhill'H  (Hid  L'.x'aliti/. — Quebec  group  ;  Toint  Levis. 
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Dexdkoguai'Tls?  (Callouuai'TUS '0  DiFFUsua,  ILoll.  (n.  s.) 
riato  XVIII,  figures  1-3. 

Description. — Stipe  strong,  rigul,  gradually  decreasing  in  -width  at  each 
bifurcation  :  hit'ureations  luuncrou.s,  irrogidar,  the  stipe  slightly  bending  at 
each  division,  and  the  branchog  and  bi'anehlots  strongly  diverging.  Sub- 
stance of  the  fossil  extremely  compressed,  obscurely  corrugated  ;  cellulifer- 
ous  face  Hattened.  Cellules  apjiarently  arranged  in  a  single  series  along  the 
longitudinal  centre  of  the  l)ranches  in  the  form  of  minute  indentations, 
and  leaving  similar  minute  i)ustuliform  murks  in  the  impressions  of  the 
branches  ;  cellules  about  thirty-six  in  the  stiacc  of  an  inch. 

This  species  differs  from  I),  crciiis  m  tlie  more  rigid  and  more  widely 
diverging  branches.  It  occurs  in  a  dark  colored  or  nearly  black  shale, 
associated  Avitli  GrapfoUthns  rxfcnitatKn,  Cliinacoijraptus  antennariiis, 
JRetiojniptm  tentuculatus  and  ItetiuUtes  enaifonnis, 

Exi'LAXATIONS  OF  FIGURES  OF  DlONDUOCillArTUS  ?   (C  ALLOOR AI'TUS  ?)  DIFFUSUS,  Hall. 

Platk  XVII [. 

1.  A  iiortion  of  a  broken  fi'oml  from  near  t  lie  base.     The  tc3t  is   removed   in  some 

parts,  sliowiiig  celhililbrcMis  markings. 

2.  A  fragment  of  another  spceiiiu'n  with  siinibir  cell-markings. 

3.  An  enlargement,    showing  the  cell-apertures.      The  specimens  are  extremely 

compressed. 

Formation  and  Localiti/. — Quebec  group  ;  Point  L(jvis. 


Dexdroghaptus  (jracilis,  Hall.  (n.  s.) 
Plato  XVIII,  figures  5,  G. 

Description. — Frond  diffuse,  immerously  brnnched.  Brandies  very 
slender,  extremely  eloiigate  and  sub-pendtdoiis,  cellidiferous  on  one  side  ; 
the  cells  are  arranged  in  an  apparently  sub-alternate  order,  or  have  assumed 
this  order  during  the  compression  of  the  specimen.  Surlaee  striated  :  cel- 
lules deeply  indenting  the  margin  of  the  branchlet,  and  the  outer  margin 
furnisacd  with  a  muorouato  o.\tcnsiuu. 
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Tliis  species  is  well  marked  hy  its  extremely  slenrlev  hranches,  -\vliich 
are  distinctly  serrated,  while  one  side  is  strongly  striated,  and  the  deep 
indentations  j^ive  a  semi-articulate  character  to  the  hranches. 

Several  trairmeuts  of  this  species  have  heen  found  associated  with 
C(iU');/r(ijitits  vlcijuHH  and  C.  Salleri,  hut  uoao  more  nearly  entire  than  the 
specimen  iiyured. 

K.XPI,ANAVIONS  OF  FlOUItKH  OP  DenDUOGUAI'TUS  GUACILIS,  Hall. 
Pl-ATK  XVHI. 


li 


5.     Two  of  the  larger  brancliea  with  tlieir  sub-divisions,  of  the  natural  size. 
C.     All  culiu'Konu'iit  fiDin  quo  of  the  hr.inelilotri,  showing  tlic   striate   surface   and 
tlie  Jcei)  iiulcntalioii  of  tlie  cellules. 


Formation  and  LocaVitij. — Shales  cf  the  Quchec  group ;  Point  L(ivis. 


Genus  CALLOGRArTUS,  Hall.  (n.  g.) 

Or.  KaWosfPukhcr,  and  ypa<pa>,  scribo. 


very 

side  ; 

ksumed 

11:  cel- 


Gcncr'ic  I'Jiaraeto's. — Flahellate  fronds,  Avith  numerous  slender  hifur- 
catiu;^  J)ranches  jtroceeding  from  a  stronj:;  stem  or  axis.  Branches  and 
divisions  celhdiferous  ou  one  side,  theopjiosite  side  striate  ;  sometimes  dis- 
tantly and  irregularly  united  hy  transverse  dissepiments.  The  iion- 
cellulil'erous  side  sometimes  presents  a  semi-reticidate  appearance. 

The  aspoet  of  these  fronds  is  intermediate  hetween  iJidi/onema  and 
some  forms  of  Dcmh'ojraptus  ;  l)ut  they  have  not  the  re,ti"ular  reticulate 
structure  of  the  f<)rmer,  while  the  suh-divisions  of  the  hranches  are  (piite 
simihir  to  some  t)f  the  species  of  that  {;cnus.  In  the  mode  of  hrauchin^ 
and  the  form  of  cell-apertures,  the  ])reseut  geiuxs  is  quite  diffcrcut  from 
the  typical  species  of  Deiuh'oi/raptus. 

The  slender  l)ranches  and  minute  points  which  indicate  the  cell-apertures 
rei\der  it  impossihle,  with  the  specimens  in  my  possession,  to  determine 
satisfactorily  the  characters  of  the  latter :  they  appear  as  simjile  oval 
imiiressions  upon  the  surface  of  the  compressed  hranches. 

It  is  possihle  that  some  of  the  species  of  this  genus  may  have  grown  in 
funnel-shaped  fronds,  as  Dicti/onema. 
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Callograptus  ELEOANS,  Hall.   (n.  S.) 

Plate  XTX,  figures  1-4  ;  and  Plate  XVIII,  figure  4. 

Dcsprlpfloii. — Frond  broadly  fiabelliform.  Stipe  short,  Hexuous,  swelling 
at  the  base  or  root.  ]]ranehes  originuting  near  the  root,  becoming  numer- 
ously sut)divided,  the  divisions  slightly  diverging  or  nearly  parallel,  while 
the  whole  expands  to  a  somewhijt  semi-eiroular  form  when  entire.  ^Vt'tcr 
the  second  or  third  bit'iu'cation  the  branches  l)econie  very  slender,  and  con- 
thuie  of  nearly  etpial  vidth.  Non-cclluliferous  face  strongly  striated, 
slightly  swelling  at  the  cellules  :  celluliferous  face  striated  ;  the  cellules 
arranged  alternately  on  the  opposite  margins,  parallel  or  slightly  diverg- 
ing, and  opening  in  a  projecting  process  or  cell-denticle,  of  vuidetermiued 
form. 

This  species  differs  from  DeiuIroi/rajAus  frutiaosuis  in  its  more  regu- 
larly-branching lial)it,  less  divergence  of  branches  in  mature  specimens, 
shorter  stipe,  and  more  regular  ilabellate  form.  It  differs  from  1).  Jlex- 
uosus  in  the  nu>re  munerous,  more  slender,  and  less  diverging  branches 
and  branchlets.  From  lioth  it  diU'ers  in  the  form  of  the  cells,  and  in  tho 
stro?igly-striated  nt)n-celluliferous  face  of  the  frond.  In  young  individuals 
the  branches  are  often  nuich  more  divergent,  but  the  striated  surface  and 
the  arrangement  of  the  cellules  correspond  in  all. 

The  speeimeus  of  this  species  occur  in  a  fine  grayish  slate,  associated 
■with  G-faj)toUtlMs  nitidus,  G-.  eonstnctus,  (r.  bn/onoideSf  and  G.  odobra- 
cJiiatus. 


Explanations  of  Fiouiies  '"?  Callograptus  eleqans,  Hall. 
Plate  XIX. 

1.  A  frngment  of  a  frond,  natural  size. 

2.  A  uciuly  entire  Habelliform  frond.     Tlie    two   slmded   lines  running  nearly  ver- 

tically through  the  ligure,  aro  due  to  faults  or  slips  in  the  slate,  causing  a 
slight  overlapping  of  the  himiu.T,  and  an  interrujilion  of  the  continuity  of 
the  frond. 

3.  An  enhirgenient,  showing   tho   lateral   connection  of  the  branches  at  irregular 

intervals. 

4.  A  further  enlargement  of  the   non-celluliferous   side  of  a  bifurcating  branchlet, 

showi'ig  tho  striated  surface  and  a  semi-articulate  structure. 

Platk  XVIII. 

4.  A  frngment  wliich  is  more  lax  and  siireiuliiig,  witli  shorter  liranchlcts 
tlian  the  ordinary  specimens,  but  having  similar  striiv,  andasimilar  arrange- 
ment of  cellules. 


Formation  and  Locality. — Quebec  group  ;  Gros  Maule. 
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Calloquaptus  Salteui,  Hall.  (n.  s.) 
Plate  XIX,  figures  5-8. 

Description. — Frond  spreading  or  flabelliform  above.  Stipe  below  the 
branches  and  base,  unknown.  Brandies  numerous,  iu)(lulating,  bifurcat- 
ing :  divisi(jns  very  little  diverging  ;  branches  closely  arranged,  the  space 
between  them  being  \isually  less  than  the  Avidth  of  the  branch.  Non- 
cclluliferous  face  smooth,  or  obscurely  and  interruptedly  striate  ;  cellu- 
liferous  face  with  the  cellules  alternately  on  opposite  margins,  producing 
swellings  of  the  branch  at  these  points,  and  an  undulating  or  tortuous 
direction.  A  few  of  the  branches  astomosc,  or  an  arc  sometimes  con- 
nected by  a  short  transverse  bar  of  the  same  width  as  the  branch.  This 
does  not  a})pear  to  be  a  constant  character. 

This  species  has  the  same  general  form  as  O.  elegans  ;  but  the  branches 
are  wider  and  less  diverging,  and  obscurely  or  not  at  all  striated.  The 
zig-zag  direction  of  the  branches  forms  also  a  distinguishing  feature.  The 
stipe,  which  is  not  preserved  in  the  specimens  examined,  was  probably 
short,  branching  from  near  tlie  base.  This  species  occurs  Avith  C.  clejam 
and  its  associated  graptolites  mentioned  above. 


t?. 
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Explanations  of  Fiqubes  of  Calloqraptds  Salteri,  Ilall. 

Plate  XIX. 

5,  C.     Fragments  of  two  distinct  fronds  ;   one  showing  tlio  celluliferous  side,  and 
tlie  other  the  non-celliiliferons  aide. 

7.  An  enlargement  from  the  noii-celluliferous  s'de,  showing  a  few  transverse  dis- 

sepiments nt  irreguhir  intervals.    The  figure  has  the  same  degree  of 
enlargement  as  fig.  3  of  C.  dcqans, 

8.  A  farther  enlargement  of  a  bifurcating  branchlet,  ahowiug  the  coil-apertures. 

Formation  and  Locality. — Quebec  group ;  Gros  Maule. 
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Genus  DICTYONEMA,  Ilall. 

Or.  StKTvov,  rctc,  iiiul  i>7)ixa,filum. 

(DicTYONHMA,   Pill.  \.  Y.,  vol.  M,  ]).  171,  1852,  nnd  (Icul.  Sun-eij  of  Caiwda,  Report  for 
ia.")7,  1).  142.     GaAPTOPouA,  Suiter,  Proc.  Amur.  Assoc;  Montruiil,  18rj7.) 

Goicric  vhantdiTs. — Fronds  consisting  of  flabollilurm  or  funnel-sliap'jd 
expansions  (circnlar  from  comprossion),  composed  of  slender  radiating 
branches,  which  frecpicntlj  bifurcate  as  they  recede  from  the  base. 
Branches  and  subdivisions  united  hxterally  by  fine  transverse  dissepiments ; 
exterior  of  lu-anches  strongly  striated  and  often  deejily  indented ;  inner 
surface  celluliferous  or  serrate,  as  iu  Grdptolithua, 

The  gencKil  aspect  of  the  species  of  this  genus  is  like  that  of  FenesteUa, 
bntii  iu  the  finn  df  the  fmnds  and  bifiu'catinn  of  tlie  branches,  borne  of 
the  species  have  heretofore  been  referred  to  that  genus,  and  others  to 
froriionia.  Thev  may  be  known  from  either  of  these  genera  by  the  striated 
and  serrated  corneous  skeleton,  and  by  the  absence  of  round  cellules  ;  which 
latter  character,  with  a  calcareous  frond,  marks  Fcncstclla. 


DlCTYOXKMA    IRREOULARIS,    Hall.    (n.  S.) 

Plate  XX,  figures  1,  2. 

Dc'^iription. — Frond  spreading,  diffuse.  Branches  la.\,  frerpiently  Itifixr- 
cating;  bifurcations  uneipial :  branches  equal  to  one  half  the  usual  width  of 
the  interspaces,  or  a  littlo  less  ;  connecting  filaments  generally  slender,  ex- 
panding at  their  junction  v>ith  the  branches.  Fenestrules  extremely irregidar 
in  form  and  proportions,  varying  from  a  width  greater  than  the  length,  to 
a  length  three  or  four  times  as  great  as  the  width  :  those  with  a  length  and 
breiidth  nearly  equal,  often  ajipear  hexagonal.  Near  the  base  (»f  the  frond, 
the  fenestrules  are  sometimes  elongate  and  triangular.  Cellules  unde- 
termined. Surface  without  distinct  organic  markings.  Branches  arranged 
in  the  })roportion  of  from  twenty-live  to  twenty-eight  in  the  space  of  a?i 

inch. 

This  sjiecies  is  much  smaller  than  either  of  the  others,  scarcely  equalling 
in  dimensions  the  fK  <in;riHs<  of  the  Niagara  group,  from  which  it  dilfers 
in  its  more  irregular  jnrm  and  diffuse  habit.  In  one  specimen  there 
appeal-  to  be  some  identntions  n|ion  the  stone,  indicating  minute  relbile^. 
but  they  aie  too  obscure  for  satisfactorv  determination.  This  species  has 
been  seen  only  in  small  fragments:  the  entire  frond  is  unknown. 
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Explanations  of  Fiocuks  op  Dictyoxema  innEocr.Afiis,  Ilall. 


Plate  XX. 


i-t  for 


1.  A  friip^mpnt  from  nonr  the  biiso  of  .1  frotul. 

2.  A  fr;ii,nm'iit  fruiii  tlic  outer  porliou  of  lliu  fi'oiid. 

Fornuition  and  LocaUtj. — Queljcc  group  ;  Poiat  Lt'vi;^. 
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Dictyoxema  robusta,  Ilall.  (n.  s.) 
Plate  XX,  figures  3,  4. 

JJcsrn'pfii^n. — Frond  largo,  spreading,  extremely  roLust.  Branelies  Avide, 
strong,  liirtu'cating:  bit'ur'iatunis  slightly  diverging,  the  interspaces  ahout 
the  same  width  as  tlie  branches.  Fenestrules  liirge,  elongated;  the  length 
from  seven  to  nine  tenths  of  tin  inch,  and  the  breadth  fr  )ni  one  twelftli  to 
one  sevontli  of  an  inch.  The  transverse  connecting  filaments  compara- 
tively slender  :  cellules  not  determined.  Surl'ace  smooth  or  obscurely 
striate. 

The  specimens  of  this  species  before  mo  do  not  admit  of  a  more  complete 
diagnosis  than  that  iibuve  given.  It  differs  from  any  odier  species  known 
to  rac  in  the  great  strength  of  fhe  branches,  iind  in  tlie  very  elongate 
fenestrules;  while  the  dissepimoiits  or  connecting  filaments  are  usually 
comjiarati.ely  slender.  The  divisions  of  the  brandies  diverge  but  little,  and 
tlie  frond  docs  not  appear  to  have  been  abrujitly  expanded.  It  occurs  on 
the  hard  shales  with  G-raptoUthas  rijidus. 


Explanation  or  FifiunES  op  Dictyonema  uodlsta,  Hall. 

Tlate  XX. 

3,  4.     FivisrniPTits   of  t\v<i  dillVi't'nt  tVniiil;!.     In  snnu'  piirts  of  tlip   siicciiiien  tig.  3,  and 
in  nil  of  tig.  -I,  lliL'  bi'niiclici  aru  oxti'uiucly  lialteued  luul  iiltL'iiiiato. 

Foniialion  and  LoeaVitij, — Quebec  group  :  Point  Lijvis. 
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DiCTVONEMA   QUADRANGULAKIS,  Hall.   (n.  S.) 

Plate  XX,  figure  5. 

Descrijition. — Frond  large,  robust.  Brandies  linear,  nearly  parallel, 
rarely  bit'ureating  :  branches  about  five  hundrodths  of  an  inch  in  width,  the 
interspaces  having  an  avcrtige  width  of  eight  hundredths  of  an  inch.  Fen- 
cstrulcs  quadrangular,  length  and  l)readth  usually  nearly  oijual :  con- 
necting filaments  nearly  as  wide  as  the  l)ranches,  expanded  at  their 
junction  with  the  latter,  so  as  to  give  an  appai-ent  sub-hexagonal  form  to 
the  fenestrule.  Cellules  not  determined.  Surface  free  from  any  charac- 
teristic  markings. 

This  species  is  very  distinct  from  the  two  preceding,  and  from  nearly  all 
other  species,  by  the  almost  parallel  direction  of  the  branches.  A  fragment 
an  inch  and  a  (]uart  n*  wide  by  three  inches  long,  shows  not  more 
than  lour  or  five  bifurcations.  The  apparently  hexagonal  form  of  the 
fenestrules  may  be  due  in  part,  or  entirely,  to  the  breaking  or  Avearing  away 
of  the  margins  of  the  stipes,  or  of  the  connecting  filaments,  or  of  both. 
The  short  eciuilateral  fenestrules  form  the  most  prominent  and  charac- 
teristic feature.  It  occurs  with  the  other  species  just  described,  and  with 
GraptoUthis  ri(/ldiis,  in  the  same  hard  shales. 

Explanation  of  Fiqurb  of  Dictyonkma  (jcadranoularis,  Hall. 
Plate  XX. 
5.    A  fragment  of  a  frond,  of  natural  size. 

Formation  and  Loeality. — Quebec  group ;  Point  L(5vis. 


DiCTYONEMA   MURUAYI,   Hall.    (n.  S.) 

Plate  XX,  figures  6,  \ . 

Description. — Frond  very  large,  gradually  spreading  from  its  origin. 
Branches  strong,  Avi<lth  from  five  to  eight  hundredths  of  an  inch,  infre- 
quently l)ifiircating ;  divisions  little  diverging,  the  interspaces  l)eing  little 
wider  than,  the  branches.  The  fenestrules  have  a  width,  of  eight  by  a  length 
of  eleven  hundredths  of  an  inch.     The  connecting  filaments  are  wide  at 
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their  origin  or  union  with  the  hranch,  and  slcnrler  in  the  middle  ;  from 
about  one  tliird  to  one  half  as  wide  as  the  branches.  Cellules  undeter- 
mined.    Surface  smooth. 

This  species  is  associated  with  D.  rohmta.  It  is  a  less  robust  form, 
the  branches  arc  not  more  than  one  half  as  wide,  and  the  fenestrules  not 
m  >rc  than  one  third  the  length  of  those  in  that  species,  while  the  connecting 
filaments  are  quite  as  strong.  The  specimens  are  extremely  compressed, 
and  the  character  of  the  cellules  cannot  be  determined. 

While  the  preceding  species  all  have  the  characteristics  of  true 
Dictyonema,  in  none  of  them  has  the  base  been  discovered,  and  the  entire 
form  of  the  frond  is  therefore  unknown.  From  the  strong  growth  of  all  of 
them,  and  the  nearly  parallel  direction  of  the  branches,  we  must  presume 
them  to  be  fragments  of  very  largo  fronds. 

Explanation  op  FionnEs  op  Dicttonema  MunnAYi,  Hall. 
Plate  XX. 
6,  7.     Fragments  of  two  fronda  ;  the  figures  of  the  natural  size. 

Formation  and  Locality/. — Quebec  group ;  Point  Ldvis. 


Genus  PTILOGRAPTUS,  Hall.  (n.  g.) 

Gr.  irriKov,  plumOi  and  ypa(l>a>,  scribo. 

Gnieric  characters. — Frond  platit-like,  rooted  ?  simple  or  branching. 
Branches  and  branchlets  plumose,  the  pinnules  rising  alternately  on  opjiosite 
sides  of  the  branches  ;  celluliforous  on  one  face  only:  branches  cylindrical 
or  flattened.  Substance  corneous,  dense  ;  a'pparently  smooth  exteriorly, or 
corrugated  by  compression,  or  during  fossilization. 

In  general  hal/it  this  geu'is  resemble^'  the  modern  Pluiiiulan'a,  and 
its  mode  of  growth  was  probably  similar.  Wo  know  at  the  present  time 
two  species,  one  a  slender  and  delicate  form,  the  other  more  strong 
and  coarse,  and  differing  in  its  irregular  mode  of  branching;  while 
at  the  same  time  the  smaller  branches  and  pinnulaj  resemble  the  other 
species.  The  cellules  are  distinctly  confined  to  one  face  of  the  pinimhe  ;  but 
whether  arraniiiod  in  a  single  linear  series,  or  in  alternating  order,  cannot 
be  satisfactorily  determined.  Both  species  are  in  soft  shales,  assor iated 
with  Graptolithus  Lojaiii,  G-.  (piadribrac/iiatuSt  G.  arcuatus,  tr.  Bu/soyi, 
and  others. 
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PlILOCiUAPTUS  PLUMOSfS,  IIllll.  (U.  S.) 

Plate  XXI,  figures  1-4. 

Dexcri'pfhn. — Frond  l)i-|iiimatc,  branching.  Brandies  slender,  plunioso  ; 
tho  axis  round  and  smooth  on  the  non-cellulit'eruns  side,  and  grooveil  on  the 
opi»o?ito  side.  Pinnules  sinijjle  or  rarely  divided,  alternate,  long  and 
slender,  tlexuose,  rising  at  an  angle  of  40^  to  the  axis.  Cellules  niinuto, 
arranged  ujion  one  face  of  the  jiinnules. 

The  entire  form  of  this  s})ecies  is  unknown  :  the  branches  appear  to  have 
been  rovmded,  solid,  and  very  gradually  tapering.  The  pinnuhe  are  slender, 
linear,  maintaining  their  widtli  to  the  oI)tuse  extremities :  they  have 
sometimes  a  length  of  about  five  ei,_iiths  of  an  inch.  Near  the  base  diey 
arc  solid  ;  beyond  this  they  arc  flattened  and  slightly  rugose  (as  if  from 
contraction),  and  preserve  very  little  substance.  It  has  not  yet  been  satis- 
factorily determined  Avhether  the  cellules  ar"  arranged  in  a  single  linear 
series  on  one  side  of  the  j)immUv!,  or  in  a  double  alternating  scries. 


m 


Explanations  of  Ficiures  ov  Ptilooiiaptl-s  pi-lmosus,  Ilall. 
Plate  XXI. 

1.  A  frngrncnt  wliicli  is  tln-ce  times  branched. 

2.  A  sU'iidcr  siiii  de  luMiieli. 

3.  All  i'nliirp;('nu'iU  frdiii  tlie  speciiiion  (ipr.  1. 

4.  A  fui-tlu'i' oiihu-troiiu'iit  (if  a  iioi'tion  of  the  same;  some   of  the  branches   showing 

markings  lilce  coll-apcrturcs. 

Formation  and  LocaUty, — Shales  of  the  Quebec  group  ;  Point  Levis. 


Ptilograptus  Geixitziaxus,  Hall.  (n.  s.) 
Plate  XXI,  figures  0-8. 

Description. — Frond  numerously  and  irregularly  branched.  Branches 
thick  and  strong,  irregularly  bifurcating.  Pinnuhe  broad  and  strong, 
closely  alternathig  on  opposite  sides  of  the  branches.  Cellules  large, 
arranged  on  one  face  of  the  pinnuhe  :  nou-celluliferous  side  smooth,  or 
corrugated  from  compression. 

This  species  differs  from  the  preceding  in  its  stronger  and  coarser  habit, 
its  more  freipicnt  and  irregular  branching,  in  the  broad  flattened  branches 
and  tlie  broader  pinmd;c,  of  which  there  are  about  six  in  the  sjace  occujiied 
by  nine  in  the  other  species.  The  cellules  are  stronger,  and  apijarently 
more  distant. 
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E.\iM,ANATioN3  OF  FiQUiiES  OK  Ptiloquai'Tus  Geinitzianus,  Hall. 
Plate  XXI,  ; 

5.  A  hrnncliinfj  frngmcnl  showing  llie  celliiliferous  side. 

G.  A  fragiiR'iit  which  is  irregularly  l)raiiclied,  showing  tho  non-cellulifcrous  side. 

7.  A  siiifrlo  liraiichlot  of  tlie  snnw  species. 

8.  An  enlargement  from  lig.  5,  showing  llio  cell-apertures. 

Formatiun  and  Locality. — Shdos  of  tlio  QuoIjcc  group  ;  Point  Ldvis. 


Genus  TIIAMNOGRAPTUS,  Hall. 

Gr.  OaiMvos,frutcx,  and  ypa<pi>!,  scribo. 
(TiiAMNOOKAPTua,  Pal.  N.  Y.,  Vol.  Ill,  p.  .HO,'  1859.) 

Generic  characters. — Fronds  consistin.ii;  of  atrai.ijlit  or  floxuous  stipes 
(growin,!!;  sin.irly.  or  conjoineil  in  groups  lit  the  ba-seV),  -with  alternating  or 
widely  diverging  branches  :  branches  long,  simple  or  ramose,  in  the  same 
manner  as  the  stipe.  Substance  fibrous  or  striate  ;  the  main  stipe  and 
brandies  marked  by  a  central  longitudinal,  depressed  line,  indicating  the 
axis.     Cellules  or  serratures  unknown. 


A'VIS. 


I urge, 


labit, 


TuAMNOiiUAPTUS  Anxa,  Ilall.  (n.  s.) 

Plate  XXI,  figure  9. 

Description. — Stipes  slender,  linear,  undulating.  Branches  filiform,  long, 
flexuous,  regularly  alternating  on  opposite  sides :  the  distance  between  the 
branches  on  tlie  same  side  is  al)out  fifteen  hundredths  of  an  inch,  giving  half 
that  distance  on  the  main  stipe  between  the  origin  of  the  branches.  At 
the  base  of  each  branch,  the  stipe  diverges  in  the  opposite  direction, 
making  an  angle  of  80°  with  its  previous  direction.  The  angle  between 
the  stipe  and  the  branch  measured  on  the  lower  side  is  about  130°,  and  on 
the  upper  side  80°,  showing  a  dive  -gence  of  30°  in  the  direction  of  the 
stipe. 

*  A  description  of  this  genus,  with  other  graptolitic  genera,  was  read  before  the 
American  Association  for  the  Advancement  of  Science,  at  Baltimore  in  1858  ;  but  tho 
paper  was  not  sent  iu  for  publication,  and  only  a  newspaper  report  of  it  was  given. 
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The  hranchog  arc  floxuons,  filiform,  and  as  far  as  traced,  simple  ;  rounded 
or  somewhat  Hattened  as  they  occur  in  the  stone.  The  sniistaiice  of  the 
stipe  or  branches  does  not  show  cellules  ;  and  the  markings  ai-o  groove-like 
depressions  in  the  stipe  for  a  short  distance  below  the  base  of  the  branches. 
The  test  is  corneous,  black  and  shining. 

This  species  differs  from  T.  fi/pim  of  New- York,  in  its  less  rigid 
appearance,  flexuous  stipe,  and  more  diverging  branches. 

Explanation  ov  F'aunu  or  Thamnooraptds  Anna,  Hall. 
Platb  XXI. 
9.    A  fragment  of  the  species,  of  the  natural  size. 


fli: 


W.\ 


Formation  and  Looallty. — Quebec  group ;  three  miles  above  the  mouth 
of  the  river  Stc.  Anne. 


rigid 


SUPPLEMENT. 


DESCRIPTIONS  OP   SPKCIES   FROM  THE   UTICA    SLATE,   INTRODUCED 
FOR    COMPARISON   AND    ILLUSTRATION. 


Graptolithus  flaccidus,  Hall.  (n.  s.) 


Pl«|»  n,  figures  17-19. 


ns.  stinii  of  two  slender  linear  floxuons  stipes, 
ironi  a  small  short  obtuse  radicle.     The  stipes 


Description . — Froiul 
wliic'li  are  widely  di\  -  .  _, 
at  their  origin  are  >:vntly  ascendinjji;,  and  then  curve  l)roadly  backwards 
or  downwards,  and  maintain  throughout  their  entire  Icngtii  a  curvilinear 
direction ;  stipes  cyUndrical  near  the  base,  and  flattened  in  their  exten- 
sion. Surface  smooth,  or  with  striic  so  fine  as  to  bo  invisil)lo  under  an 
ordinary  Ions.  The  diameter  of  the  stipe  varies  from  two  h\UKlredths  near 
its  origin,  to  four  hundi-edths  of  an  inch  in  the  fully-developed  jiarts,  main- 
taining this  width  to  the  cxtroniity :  more  than  one  half  of  the  Avidth  is 
occupied  by  the  common  body.  Test  comparatively  thick.  Cellules  nar- 
row ;  from  twenty-eight  to  thirty  and  near  the  base  sometimes  tliirty-two 
in  the  space  of  an  incli ;  incHnod  at  an  angle  of  20°  or  less  to  the  direc- 
tion of  the  axis.  Point  of  the  denticle  or  .aperture  obtusely  rounded, 
very  rarely  angular :  celhdes  free  throughout  their  entire  length. 

This  is  a  very  distinct  and  well-marked  species,  with  slender  lax  stipes 
extending  four  or  five  inches  or  more  from  the  radicle.     It  occ\irs  in  large 
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inim1)L'r3,  tlic  stipes  lyinj];;  intertwined  anionij;  tlieniselvcs  upciu  tlie  surface 
of  the  sluile.  'J1ic  cell-denticles  are  very  minute  ;  and  near  the  liase  of 
the  sti[)C  the  surface  appears  as  if  marked  by  small  jiunctured  or  indented 
pustules.  This  pustuliform  aspect  seems  to  be  due  to  the  strong  partition- 
Avails  of  tlio  cellules,  Avhich  resist  the  pressui-e,  and  retain  nearly  tliei" 
ori,iriual  form,  while  the  adjacent  jiarts  become  ilattened.  Farther  from 
the  oriirin  of  the  stipe  the  whole  substance  is  extremely  com];ressed,  and 
the  cellules  are  only  indicated  by  undulations  in  the  margin  of  the  stipe, 
which  show  obscurely  the  rounded  cell-denticle.  The  cellules  are  almost 
always  upon  the  convex  side  of  the  curve  of  the  stipe. 

The  proportions  of  the  stipe  are  about  the  same  as  in  Gr.  teniiiK,  Hall, 
(not  Portlock)  ;  but  that  species  has  the  sti[  es  strai;j;ht  and  extremely 
flatteuL-d  in  all  the  specimens  seen.  In  both  s}:ecies  the  cell-denticles  are 
rounded,  or  appear  oidy  as  sli,L:;ht  undidations  of  the  mar^an  :  but  in 
Gr.  tviuds,  the  number  in  the  i-}iace  of  an  inch  is  from  twenty-two  to 
twenty-four.     These,  with  the  other  dilYerences,  are  very  distinctive. 


E.M'LA.NATIOXS    OF    FlGL-IlKS    OV    Gil Al'TOI.ITIIUS    I'L ACCIDUS,    IlilU. 


Plate  II. 

17.  A  ])ortion  of  ii  liirfTO  frpfjniout  of  slntc,  wllli   n.arts  of  si'vcral   iiulividiia'.s  ii]ion   llic 

siirfiic'f,  mill  slio'.viiiiy  tlio  crii^^iii  (jf  v'f^'nt  iii'liviiliiiils  in  the  miuute  iMilicles. 
Solium  of  lliese  are  iiidicalctl  liy  asirri^k.s  on  llie  ciijjraviiijf. 

18.  An  ciilarfri'iiu'iil  to  three  iliainelei-s  of  llie  radicle  and  .stipe-bases,  withtlie  cellules. 

From  tlie  ]>(uiit  a  on  fig.  17. 

19.  A  fartlier  eiilai'genicnt  of  a  |>nrtion  (o  sliow  the  form  of  tlie  cellules,  and  tlie  iiustu- 

lifurni  aiipcnrunccs  at  the  base  of  tlie  divisions  between  tiie  cellules. 

Formation  (uid  Localili/. — Shales  of  the  Utica  formation  ;  Lake  St. 
John,  east  from  Eluo  Point. 


GUAPTOLITIIUS   QUADRLMUCROXATUS,  Hall.    (ll.  S.) 

Plate  XIII,  fi-s.  1-10. 

Stipes  consisting  of  simjile  (piadrilateral  ttd)cs,  which  are  celluliforous 
on  the  two  opposite  sides  ;  the  plaui  and  the  celhiliferoiis  sides  being  of 
equal  width  in  the  middle,  or  h;ilf-way  from  the  base  to  the  apex,  where 
the  stipe  attains  its  greatest  dimensions ;  celluliferoas  sides  of  the  stipe 
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gently,  incroasiiii^  in  width  from  tlio  base,  Avitli  the  sides  ]iarallel 
aliove.  The  base  is  iiarro',,-  and  soniewliat  olitusely  pointed  belcw.  In 
what  appear  to  be  ma*;nrc  stipes  tlie  greatest  length  is  two  and  a  half 
inches  ;  the  width,  when  flattened  and  showing  twc  of  the  four  sides,  is  a 
little  more  than  one  eighth  of  an  inch,  exclusive  of  the  ecdl-denticles. 
Test  corneous,  comparatively  thick,  and  without  visible  stri;o.  A  slender 
axis  marks  the  centre  of  the  stipe,  and  rarely  extends  beyond  the  apex. 
The  cellules  consist  of  simple  notches  or  transverse  slits  in  the  o})posite 
sides,  which  arc  slightly  indented  in  the  non-celluliferous  face,  and  each 
angle  or  sinus  produced  into  a  slender,  mucronatc  spine,  making  a  range 
of  spines  upon  each  angle,  or  four  ranges  of  spines  marking  the  entire 
length  of  the  stipe  ;  about  twenty-two  cellules  in  the  space  of  an  inch, 
the  margin  or  lip  slightly  projecting. 

The  specimens  of  this  species  occur  in  great  numbers  upon  the  weathered 
and  fresh  surfaces  of  some  sjieeimens  of  the  Utica  slate.  Some  are  in  a 
Avell-prcscrved  condition,  others  are  partially  preserved,  and  others  con- 
sist of  moulds  or  impressions  of  the  stiftes.  The  specimens  have  been 
compressed  in  every  possible  direction,  sometimes  parallel  to  the  ct'llulif- 
ci'ous  face,  gi\ing  the  more  natural  expression,  or  that  which  is  regarded 
as  the  more  characteristic  of  the  graptolite  (fig.  1)  ;  others  are  com- 
[iressed  vertically  to  the  cclluliferous  sides,  so  that  the  plain  faces  arc 
pressed  beyond  the  margins  of  the  cellules,  giving  the  scalariform  char- 
acter (fig.  i]).  in  other  specimens  the  lu'cssurc  has  been  directed  against 
the  angles  of  the  stipe,  showhig  one  of  the  plain,  and  one  of  the  ccllulif- 
erous sides  (fig.  2).  The  cellules  in  such  examples  extend  halfway  across 
the  width  of  the  stipe,  and  show  the  spines  upon  the  outer  margin  ;  wliile 
the  spines  marking  the  inner  margin  arc  either  compressed  or  broken  off 
(fig.  8),  leaving  tlicir  bases  visible  along  the  centre  cf  the  stipe.  On 
the  0[)posite  margin  the  mucronatc  spinules,  marking  the  inner  ;,i\gle  of 
the  opposite  cellules,  arc  shown,  extending  outward  as  far  as  lliosc  on  the 
opposite  side,  though  that  half  of  the  stipe  is  entirely  ])lain  with  an  undu- 
lating margin  between  the  spinules.  Sometimes  on  this  side  the  s;  inides 
may  be  fiilded  beneath,  and  the  sti[ie  pn^sents  a  continuous  margin,  and 
has  the  appearance  of  a  luiiserrate  gra]>tolite,  both  characters  being  some- 
tinu'S  seen  in  the  same  individual  ( lig.  2). 

In  s[ieeimens  which  are  compressed  vertically  to  the  non-cellulit'erous 
face,  the  mid-rib  or  axis  is  distinctly  markt'd,  often  throngliniit  the  entire 
length  of  the  individual,  as  u  slender  filiform  body.  The  cell-partitions  in 
some  sjieeimens  are  well  marked,  but  in  the  greater  nvunber  are  obscure  ; 
this  condition  probably  ari.-ing  from  the  thick  outer  test  of  the  sjiecimen. 
The  spinules  origina^e  in  the  sinus  or  angle  at  the  intersection  of  the  lip 
of  the  aperture  with  the  body  of  the  stijie. 
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Some  other  species  besides  this  have  grown  as  qaadrilateral  tubes.  Those 
specimens  which  show  an  undulated  margin  with  projecting  muoronate 
points  or  spinulcs  can  be  of  no  other  form  than  that  which  is  here  dc  scribed : 
•we  have  good  reason  to  suppose  all  those  with  ineijuilatei-al  ,5tipes  to 
belong  to  the  same  form ;  and  those  with  deep  indentations  on  one  side  and 
without  cell-markings,  except  simple  undulations  on  the  other  side,,  are 
only  another  iihase,  depending  upon  the  direction  and  degree  of  press\iro. 

The  species  luider  consideration,  in  its  various  aspects,  illnstratcs  more 
fully  than  any  other  which  we  have  seen,  the  effects  of  pressure  in  differ- 
ent directions.  The  cellules,  in  form  and  in  manner  of  opening  upon  the 
surface,  differ  from  such  as  Graptolithiis  prktis,  and  appear  to  be  inter- 
mediate between  those  of  G.  bicoruis,  =  GUmacoijrajjtus^  and  those  of 
G.  ramosus. 

Explanations  of  Fiqckks  of  Graptolithus  QCADUiMucnoNATCs,  Ilall. 

Plate  XIII. 

Fig.  1.  Part  of  a  stipe  compressed  in  a  slightly  oblique  direction,  still  showing  the 
collules  on  the  two  sides. 

Fig.  2.  A  stipe  compressed  more  obliquely,  so  as  nearly  to  obscure  the  cellules  on 
one  side. 

Fig.  3.     A  si>ccimen  compressed  vertically  to  the  cellulifcrous  side  of  the  stipe. 

Figs.  4,  5,  and  G.     Enlargements  from  specimens,  figs.  1,  2,  and  3  respectively. 

Fig.  1.     Enlargement  from  a  specimen  where  the  solid  axis  lies  near  to  one  side. 

Fig.  8.  A  specimen  obliquely  compressed,  so  that  the  mucronnte  points  at  one  angle 
of  tlie  cellules  of  the  left  side,  are  pressed  through  the  test,  and  show  on 
the  surface  as  a  range  of  pustules.  The  axis  is  displaced,  and  seen  on  one 
side  of  the  centre. 

Fig.  9.    A  diagram  representing  a  theoretical  longitudinal  section. 

Fig.  10.  A  transverse  section  of  a  stipe  with  the  mucronate  extensions  of  the  cell- 
margins. 

Formation  and  Locality. — Utica  slate  formation ;  Lake  St.  John,  cast 
from  Blue  Point. 


Reteograptus  eucharis,  Hall.  (n.  s.) 
Plato  XIV,  fig.  9. 

Frond  spreading,  nearly  flat,  consisting  of  numerous  narrow  lanceolate 
elliptical  stipes,  attached  to  a  common  initial  point  or  a.xis,  and  Idlaterally 
arranged  on  two  sides  of  a  short  funiclc,  Avhich  is  four  or  five  times  bifur- 
cated on  each  side. 
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Stipes  varying  in  proportions,  the  length  being  from  three  to  five  times 
the  width  ;  axis  very  distinct,  undulating,  and  its  continuation  traced  from 
the  radinlo  to  the  distal  extremity,  beyond  which  it  extends  in  a  mucronate 
point.  (.' jll-partitions  distinct,  alternating,  essentially  rectangular  to  the 
axis,  the  cellul(.>s  having  their  greatest  development  about  the  middle  of 
the  length  of  the  stipe.  Margins  of  the  stipe  ornamented  by  short 
mucronate  points  v,hich  alternate  with  the  cell-partitions. 

Surface  of  the  test  smooth  or  granulose. 

Explanation  of  Figdre  o?  HETEOGRAPTua  eucharis,  Hall. 

Plate  XIV. 

Fig.  9.    The  frond  three  times  enlarged. 

Formation  and  Locality. — Utica  slate  ;  Blue  Point,  Lake  St.  John. 
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PLATES. 

Plates  A  and  B  illustrate  the  structure  of  the  Grapto- 
litid83  as  referred  to  in  the  Introduction,  Chapter  I. 
Plates  I  to  XXI  illustrate  the  species  of  Graptolitidti3 
described  in  Chapter  II  and  Supplement. 
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EXPLANATIONS  OF   PLATE   A. 


FiK.  1. 

"     2. 
"    3. 
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CuMACOnRAPTUS  TYPICALIS,  page  67. 

Sec  ol)3crvnlu>ii8  on  C.  {G.)  hicornin,  etc.,  jingos  27,  28,  30,  45,  and  111. 
Figures  1-8  are  eulargod  to  six  diameters. 

A  lateral  view  of  tiio  concave  side,  with  tlio  surface  entire,  showing  the  form  of 

tlie  ci'll-apertiircs. 
A  lateral  view  of  the  same,  showing  the  entir.'  form  of  the  cell-aiiertiires. 
Lateral  view  of  a  fragment  whore   the  surface  is  exfoliated,  showing  the  cell- 

|iartllious  extending  downwards  towards  the  centre. 
A  longitudinal  section  nuide  a  little  below  the  exterior  surface,  siiowing  the  cell- 

[lartilions  exlinding  furlher  towards  (he  interior  llum  in  (ig.  3. 
A  longitudinal  section  through  the  centre,  .showing  the  cell-partitions  reaching 

to  llie  central  axis. 
A  transverse  .section,  showing  the  cell-partitions  just  within  the  aperture,  and 

tiie  minute  central  axis. 
A  transverse  section  made  a  little  lower  than  in  fig.  fj,  showing  the  cell-partitions 

extending  across  the  stipe  on  one  side,  and  on  the  other  side  showing  the 

narrow  triangular  point  near  the  centre. 
A  section  made  diagonally  across  a  crushed  stipe,  showing  the  folding  (from 

pressure)  of  two  cell-divisions  on  each  side  of  the  centre. 
An  ideal  longitudinal  section,  sliowiiig  the  form  and  direction  of  the  cell-parti- 

tious  and  the  central  axis,  (enlarged  to  twelve  diameters). 
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Graptolithus  PDTiLnus,  pages  27  and  44. 
•  Enlarged  to  twelve  diameters. 

Fig.  10.  A  fragment  of  a  stipe,  showing  the  two  ranges  of  cellules,  their  form,  mode  of 
growth,  and  the  unfolding  of  the  exterior  test  along  the  line  of  the  central 
axis. 

"  11.  A  l.teral  view  of  tlie  same  fragment,  showing  the  cell-apertures  and  the  flat- 
tening of  the  exterior  of  the  base  of  the  next  cellules  in  advance,  and  the 
greater  breadth  of  the  cellules  at  the  bases. 

"  12.  A  longitudinal  section  through  the  centre  of  the  stipe,  showing  the  double 
ccll-partiiions  ami  the  double  central  axis. 

"  12  a,  A  transverse  section  cutting  one  cellule  near  the  aperture  and  the  otlu  r  near 
the  base. 


CLiMACoaRAPTUs  BIC0RNI8,  pages  20,  21. 

(Graplolithus  Mcornis,  Palaiontology  of  New  York,  vol.  i,  page  208,  and  Geology  of 

Canada,  page  200.) 

Fig.  13.  The  lower  part  of  a  stipe  enlarged  to  two  diameters,  showing  the  bifurcating 
process  and  a  ccntnil  node  or  radicle. 

"  14,  An  enlargement  to  six  diameters  of  a  fragir.ent  which  preserves  in  a  very  per- 
fect manner  the  bo.der  of  the  cellules,  and  shows  an  undulating  central 
axis  as  well  as  the  median  ridge. 

"     15.  The  base  of  a  specimen  showing  three  spine-like  processss,  (two  diameters). 

"  16.  The  lower  extreiniiy  of  a  specimen  showing  a  partially  developed  corneous 
disc,  (two  diameters). 

"  17.  The  lower  extremity  of  another  specimen,  showing  a  more  complete  disc  or 
bulb  at  the  base,  (two  diameters). 
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EXPLANATIONS   OF   PLATR    A,  continiioil. 

CLiMACoiinAPTira  (sub-ppiuia  niciiANOdiupriirt)  iiamosus,  imges  15,  :il,  4.%  40,  nml  112. 

(GraptulilhuK  ntnw^ui,  Piil.uontolojry  of  New   Vork,  vol.  i,  page  i1,  Aiid  Guology 

of  Oiumilii,  jmgi'  200.) 

Fig.  IH.  Till!  lower  ]mri  of  it  froiiil  in  wliicli  llio  bii30  is  entire,  with  the  hifurcation 
above,  { rijiturul  size). 

"  10.  Tlie  bifiii'eiiiiiijj  portion,  with  a  purt  of  tK«  simple  stipe,  .tliowing  the  cells  on 
one  side  iis  they  me  usimlly  seen  when  lliittoiKMl  in  tlio  sliite.  On  one  por- 
tion of  this  there  nrc  ovul  piisliile.-*,  whieh  is  u  feiituro  sometimes  observed. 
The  opposite  side  gives  the  iipiieaninee  nf  the  eellules  when  llatteneil  and 
eompressed  partially  against  the  apertnre,  {six  diameters). 

"  20.  An  eniargeniont  from  below  the  bifurcation,  showing  the  more  perfect  form  of 
the  ajiertiire,  with  the  spines  proceeding  from  tlie  e.xlerior  surface  above 
the  aperture,  (enlarged  to  si.\  diameters);  see  j'age  .'il. 

"  21.  A  young  individual  or  germ,  supposed  to  be  of  this  sjiccies,  sliowing  the  basal 
processes  and  the  partially  developed  cellules  nt  the  upper  jiart.  See 
page  34. 
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EXPLANATIONS  OP  PLATE  B. 

Oraptolitbus  Ountonbnbis,  pages  25,  37,  29. 

(Palaeontology  of  New  York,  vol.  ii,  page  39.) 

Figures  1,  2,  and  4  are  enlarged  to  six  diameters,  and  figure  3  to  nine  diameters. 

Fig.  1.  A  fragment  from  near  the  base  of  a  stipe,  where  the  cellules  are  less  developed 
than  in  other  specimens.  The  cellules  are  partially  filled  with  mineral 
matter  and  have  an  angular  form. 

"  2.  A  lateral  view  of  a  part  of  a  mature  stipe,  showing  the  form  of  the  cellules,  and 
the  recurved  extremities  causing  the  apertures  to  open  downwards.  The 
specimen  is  filled  with  mineral  matter. 

"  3.  A  front  view  of  a  part  of  the  same  stipe,  showing  the  lateral  extent  of  the  eell- 
bases  and  the  expansion  at  the  aperture. 

"  4.  A  dorsal  view  of  the  same,  showing  a  groove  which  indicates  the  place  of  the 
solid  axis. 

"  5.  A  branch  of  DicTYONKMi  gkacilis  (page  29),  showing  the  serrated  margin  indi- 
cating cell-apertures;  (enlarged  six  diameters). 


Gkiptolithcb  Whitfibldi,  pages  32,  33,  and  36. 

Figures  6-10  are  of  natural  size;  figure  11  is  enlarged  to  two  diameters. 

Fig.  6.  A  stipe  showing  serratures,  with  a  few  partially  developed  r&productive  saca  in 
the  upper  part. 

"     1,  A  stipe  where  the  sacs  are  more  fully  developed. 

"    8.  A  stipe  with  numerous  reproductive  sacs,  some  of  which  have  apparently  be- 
come dehiscent,  and  exhibit  unmerous  extremely  slender  fibres. 
(In  connection  with  one  of  these  sacs  theie  are  two  minute  germs,  one  of  them 
lying  beneath  the  sac,  and  the  other  just  beyond  its  outer  margin  and  barely 
separated  from  its  fibres.    See  fig.  11.) 

"  0.  A  stipe  with  a  few  of  the  sacs  remaining,  and  the  bases  of  some  others  which 
have  apparently  been  broken  off.  One  of  these  sacs  appears  to  be  attached 
to  the  axis  above  the  cellules  and  lying  beneath  the  axis. 
10.  A  stipe  from  which  the  reproductive  sacs  have  been  removed  (by  maceration), 
fallowing  only  the  marginal  fibres  by  which  tiiey  were  attached  to  the  axis 
of  the  parent  stipe.  Some  of  these  remain  connected  with  the  axis  in 
its  extension  beyond  the  cellules. 

"  11,  An  enlargement  of  a  single  sac,  from  fig.  8,  showing  the  position  of  the  two 
germs. 
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EXPLANATIONS  OP  PLATE  3,  continued. 

GkBM3  or   GitAPTOLITBS. 

Figures  12,  13,  14,  16,  17,  18,  19,  arfi  g.  .ins  of  Graptolitos  ealargod  to  six  diame- 
ters.   (See  pages  33  and  34.) 

Fig.  12.  A  germ  of  a  biserrate  form,  before  tlic  cellules  have  assumed  distinctive  shape. 

The  axis  is  extended,  and  tlio   common  body  spreads  on  both  sides  in  the 

lower  part,  the  cellules  embracing  tlie  lateral  ]>rocesses,  which  are  seen  at 

the  base  of  most  of  the  diprionidian  forms,  and  extending  along  one  side  of 

the  axis  above. 
"    13.  A  forr.:  similar  to  fig.  12,  a  little  farther  advanced,  where  the  lower  cellules 

have  begun  to  assume  their  proper  form. 
"     14.  Another  form  of  germ  resembling  G.  ciliatus;  the  ciliated  processes  are  visible 

beyond  the  limits  of  the  sac,  but  the  cellules  appear  not  to  have  assumed 

definite  form. 
"     15.  A  young  individual  of  G.  ciliatus,  (natural  size). 
"    10.  A  discoid  pprm.     This  may  be  tho  central  disc  of  a  compound  form  of  Grap- 

tolithus. 
"     17.  A  germ  showing  the  common  body  extended  on  tho  two  cides  of  the  axis,  but 

without  any  visible  or  apparent  cellules. 
"     10.  A  germ  where  the  common  body  or  sac  is  much  expanded  on  tho  two  sides  of 

the  axis,  and  the  central  portion  is  apparently  becoming  more  solid. 
"     19.  A  germ  where  the  solid  axis  is  on  one  side;  the  species  probably  belongs  to 

the  monoprionidian  type 


Retiolitks  vknosus,  pages  22,  47,  113,  and  114. 

(Palfeontology  of  New  York,  vol.  ii,  page  40.) 
The  figures  are  enlarged  to  nine  diameters. 

Fig.  20.  The  exterior  of  the  convex  (?)  side,  showing  the  external  axis  and  cell-parti- 
tions, with  the  intermediate  reticulate  texture. 
"  21.  Another  view,  apparently  from  the  interior  (see  page  47),  showing  an  undulat- 
ing or  zig-zag  axis,  with  cylindrical  processes  extending  to  the  margins, 
and  short,  apparently  broken  processes  directed  obliquely  upwards.  Tho 
reticulate  structure  is  not  essentially  different  from  that  of  ihe  other  side. 
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EX  1-I,.\N-A'f ION'S  t;"'   PLATE   'I,  touiinjijd. 

Fic'.u'es  I'J^  )C,  11,  Ki,  IT  18,  1.9,  «'.'>  ^-I'ma  -of  (»iai>l',  '    '  caU  ;oa  lo  six  'laae- 
L'  M.     ,,Seo  page.!  3.-I  nad  ^4.) 

.  \i.  A  iroriu  of  a  blserratc  foriii,  Miuic  th-;  ;  ^'liii"!  n  >.  .  ■  -."j'-l  ili'tiiiriiM!  ?hape. 
TIk  .ixia  I.  extcuiU-iJ.  and  Uic  coui./iuu  ''".t".  l-  >-•••!  ■  ".  >  '  •■.'■'«  .a  t;ie 
Ijwei- p.ut.,  lluf  '.Tiluk'S  (»ii;!)V:tl'ing  he  !aU-;i.'  •.•,  -Oi  •.;.(.■■  ;.'  >  ■  "i:!!  at 
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tlio  a.ns  e''o«''^. 
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RETioiirgji  vKSo:  rs,  nnye''  '.',J,  47,  ''^3,  rind  134. 

(P;!l!i'(uitrl'.t'}-  of  N'ew  Yoik',  vc.l.  11    ptipre  40.) 
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EXPLANATIONS    OP    PLATE    I. 

GbaptoiiITHDS  NiTiora,  j.  ge  09. 

Pig.  1.  A  young  individual  with  the  radicle  and  the  two  stipea. 
"    2.  The  extremity  of  a  stiiic  miarged,  dhowtng  the  partially-developed  cellules. 
"    2.  A  larger  specimen  similar  in  character  to  fig.  1,  showing  the  pustules  At  the 
base  of  the  cellules.    The  extremities  are  not  quite  entire, 
4.  A  port  of  the  left  side  of  lig.  3  enlarged,  showing  thuj  ;)U8tuliform  elevations. 
6.  An  enlargement  from  fig.  3,  with  the  cellules   obliqutly  compressed  and  the 
pustules  obscure. 

6.  Two  smaller  individuals,  which,  from  juxtaposition  and  similarity,  seem  as  if 
they  may  have  originated  from  a  common  base. 

7.  An  impression  of  ii  jnore  extended  forni;  proportionally  narrower  tlian  fig.  3. 

8.  A  still  narrower  stipe,  divergipg  almost  rectangularly  from  the  direction  of 

the  radicle. 
"    9.  A  well-preserved  small  individual,  enlarged  thrso  diametera. 

Graptolithus  PAT0LUS,  pago  71. 

Fig.  10.  A  specimen  pir'strving  the  radicle,  and  a  stipe  on  one  side  two  and  a  half 
inches  in  lenf»;th. 

11.  The  distal  extremity  of  ii  larger  stipe,     Sorao  of  tho  cell.-)  are  filled  with  pyrites. 

12.  A  short  stipe  broken  off  near  the  radicle,  showing  the  narrow  form  near  the 
base,  and  a  width  [>•  vond  greater  than  in  ordinary  forms, 

13.  A  part  of  fig.  12  enlarced. 

14.  A  part  still  further  enlarged  to  show  the  strife  parallel  to  the  cell-apertures. 

15.  An  pnlargcment  from  i]'^    11,  where  some  of  the   cells   are  filled   with  iroa 
pyrites  showing  their  cxteasion  almo.st  to  the  back  of  the  stipo. 


i( 
II 

i( 


GuAPTOLiTHOS  BiFiDCS,  page  73. 

Fig.  16.  A  small  spocir.    a  from  the  same  fragment  of  slate  with  fig.  17. 
"    17.  An  individual  of  ordinary  size. 
"    18    An  enlargement  of  the  upper  part  of  one  stipe  of  fig.  17. 

Graptolithus  indentus,  page  74, 

Fig.  20.  An  individual  of  the  natural  size,  the  continuation  of  the  stipes  having  been 
bioken  off  on  ode  side. 


GnAPTOLiTuna  bxtencatus,  page  75. 

Fig.  21.  A  fragment  of  the  stipe,  natural  size. 
"    22.  A  portion  of  the  lower  extremity  enlarged  ;    a  part  of  the  sppcimon  retaining 
the  substance  cf  the  fossil,  and  a  part  being  an  impression  in  the  slate. 
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Gbaptolithos  CON8TBICTC8,  page  76. 

Fig.  23.  A  young  individual,  natural  size. 
"    24.  An  older  specimen,    he  stipe  broken  off  on  one  side. 

"    25.  A  part  of  a  much  more  ex,,ended  stipe,  but  which  is  not  wider  than  fig.  23. 
"    26.  A  part  of  a  stipe  from  Gros  Maule. 

"    27.  An  enlargement  of  ilic  last,  showing  the  form  of  coll.^,  the  cell-denticles  or 
apertures,  and  the  characteristic  apparent  constriction. 
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EXPLANATIONS  OF  PLATE  IL 

GRAPTOLiTHns  8IHILIS,  page  78. 

Pig.  1.  A  very  young  individual  of  tliia  species. 
"    2.  An  individual  somewhat  more  mature. 
"    3.  An   enlargement  sliowing  the  form  of  the  rodicle,   and  the  cells  near  their 

origin,  with  a  non-celluliferous  space  between. 
"    4.  A  fragment  of  a  longer  stipe,  which  is  imperfect  at  both  extremities. 
"    5.  An  enlargement  of  fig.  4. 


Gbaptolithus  AROtTATUS,  page  19. 

Fig.  6.  A  Stipe  of  a  small  individual,  more  than  usually  curved. 
"     7.  A  stipe  having  a  process  just  above  and  opposite  the  radicle. 
"    8.  A  larger  stipe,  the  cellules  very  clearly  preserved. 
"    9.  A  specimen  showing  the  stipes  on  both  sides  of  the  radicle,  and  preserving 

their  peculiar  curvature  very  perfectly. 
'10.  An  enlargement  of  a  portion  from  figure  8. 

Graptolitiius  kxte.vsus,  page  80. 

Fig.  11.  A  single  stipe  more  than  four  inches  long,  with  the  radicle  and  base  of  the 
opposite  stii)e. 

12.  A  fragment  showing  a  part  of  the  stipe  on  each  side  of  the  radicle,  natural  size. 

13.  The  radicle  and  adjacent  cellules,  enlarged  from  fig.  12. 

14.  An  ciilargeuieut  of  lig.  12  at  a  point  about  two  inclics  from  the  radicle. 

15.  A  fragment  of  a  stipe  where  the  cellules  are  distended  by  iron  pyrites. 

16.  An  enlargement  from  fig.  15. 
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Graptolithus  flaccidcs,  page  143. 

Fig.  IV.  A  portion  of  a  large  fragment  of  slate,  with  parts  of  several  individuals  upon 
tlie  surface  ;  and  showing  the  origin   of  ciglit  individuals   in   tlie  minute 
radicles.     Some  of  these  are  indicated  by  asterisks  on  the  engraving. 
"    18.  An  enliirgement  to  three  diameters  of  tiie  radicle  and  stipe-bases,  with  the 

cellules.     Fruiti  the  point  a  on  fig.  17. 
'    19,  A  farther  enlargement  of  a  portion  to  .-iiiow  the  form  of  the  cellules,  and   the 
pustuliform  appearances  at  the  base  of  the  divisions  between  them. 
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EXPLANATIONS  OF  PLATE  IIL 

GrAPTOLITUUS   FKNNATCLU8,   page  82. 

A  young  specimen  with  the  minute  radicle,  the  stipes  diverging  almost 
horizontally,  or  rectangularly  to  the  radicle. 

A  young  specimen  with  one  stipe  entire,  ani  a  part  of  tha  other,  less  diverg- 
ing tlian  fig.  1. 

A  single  imperfect  stipe  of  a  young  or  half-fljrown  individual,  which  is  nar- 
rower than  usual. 

A  larger  stipe,  which  is  entire  from  the  base  to  the  apex. 

A  large  or  full-grown  single  sti[io,  which  is  nearly  entire. 

An  enlargement  to  three  diameters  from  fig.  4,  -showing  the  form  and  propor- 
tion of  the  cellules,  and  cell-denticles. 

An  enlargement  to  the  same  degree  as  the  preceding,  from  fig.  5. 

A  young  specimen  where  the  stipes  are  twisted  near  the  base,  giving  an  appear- 
ance as  if  the  serrations  were  on  the  outer  or  lower  side  in  relation  to  the 
uircctiou  of  the  radicle. 

Graptolithus  BIPIDU3,  page  13. 


Fig.  9.  An  individual  from  the  river  St.  Anne,  showing  a  greater  divergence  of  the 
stipes,  which  are  wider  than  those  from  Point  Levis.     (See  plate  i.) 
"    10.  An  enlargement  from  one  of  the  stipes  of  the  jireccding,  showing  the  form 
of  serratures,  and  the  minute  pustules  at  the  base  of  tht  cell-divisions. 

Gbaptolithds  bryonoidbs,  page  84. 

Fig.  11.  A  fragment  of  a  stipe  from  the  rough  shales  containing  Phyllograptus  ilicifolius. 
In  the  character  of  the  cell-denticles  it  resembles  the  specimen  pi.  iv,  fig.  9 
and  with  that  one  may  constitute  a  distinct  si)ecies. 
"    12.  An  enlargement  of  a  part  of  the  specimen  fig.  11. 
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EXPLANATIONS  OF  PLATE  IV. 

GUAPTOLITHUS  BRYONOIDKS,  page  84. 

Figs.  1,  2,  3.  Young  individuals  ol'tliis  species. 
"     4.  An  older  individual. 

"     5.  A  young  specimen  preserving  two  of  the  stipes,  the  funicle  having  been  broken. 
"     6.  An  enlargement  fiora  fig.  1,  showing  tlie  radicle,  funicle,  and  origin  of  the 

four  stipes,  with  a  few  of  the  earlier  cellules. 
"     T.  An  old^r  and  larger  specimen. 
"    8.  An  enlargement  from  fig.  1  showing  the  character  and  proportions  of  the 

cellules. 
"     9.  A  small  individual,  preserving  the  four  stipes  in  part,  which  are  somewhat 

more  slender  tlinn  the  usual  forms  of  this  siiecies. 
"     10.  An  enlargement  of  the  base  of  the  specimen,  showing  the  cell-denticles  on 

one  of  the  stipes,  and  a  proportionally  longer  funicle  than  in  fig.  8. 
"     11.  An  extremt'ly  elon„ited  stipe,  t!;e  lower  end  showing  the  commencement  of 

growth  ;  the  distal  extremity  is  broken. 

,•,  Figs.  9  and  10  may  possibly  prove  to  be  distinct  species.  (See  pi.  iii,  figs.  11,  12.) 

Graptolithus  DRNTicuLATUs,  page  88. 

Fig.  12.  A  small  imperfect  specimen,  preserving  ihree  of  the  stipes. 

"    13.  A  liirger  and  more  nearly  entire  s|iei'in)(  )wing  the  four  stipes.    Their  junc- 

tion at  the  base  is  not  quite  siilisfact.,  own. 

"  14.  A  part  of  a  single  stipe,  in  which  tlie  ...iiles  are  well  shown  on  one  jiart ; 
while  they  are  compressed  and  nearly  obliterated  on  the  left  of  the  curve. 

"  15.  An  impression  of  a  part  of  a  stijic  >vhicli  is  nearly  straight ;  the  imprint  of 
the  axis  or  thickened  m  '-■gin  is  not  defined. 

"  16.  An  enlargement  from  figiiie  14,  showing  the  form  of  the  cell-denticles,  and 
the  strong  marginal  axes ;  one  portion  rejiresentcd  with  the  substance 
remaining,  and  the  other  as  an  imprint. 
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EXl'LA?f^\TIO\S  01'    i'LATF.  IV, 
GuAi'TOuirm:.-  Buyo.Noiiiii.  ,  jiage  84. 

Kigs.  J,  '.J,  :t.  Young  imlividnala  of  this  species. 
"     4.  All  older  individiml. 

"     5.  A  youn^'  .specimen  piHSorving  tn  r,  of  'Jic  %i\pc8,  Hio  funicle  h.ivinjr  l.(.,'!i  broWcn. 
"     6.  All  Lnliirgciiir-it  fVoiu  fig.  1,  sliowiiic;   'h>'  ifvUde,  funiido,   nnd  origin  of  the 

four  stipe*,  wiili  a  fow  of  the  eiiili.T  i.fliuk':!. 
"     7.  An  older  :irid  lu'srci' S['(.'(  imen. 
"     8.  An  eulargenicat  from  ii)j.   7  shoving'   tiio  chi\rftctnr  and   pToporrifins  i.f  the 

Ol'llull'S. 

"     a.  A   'rn;ill   iinlividuHl,   vr-'scrvin,;   (!•.!•  ••••..•    ..,._. »?:,  v 'i.^ii  arc  .inuiiwhat  . 

ni'ire  sieni>r  ''']:■•>  tS     •.;.••      ,y,.  .,. ,   ,.  • 

"     10    An    >j>!ft:ifi-,v..',  ^     .-.w-..  ..         >    ■1,-1,   '.)->-}\vir,^  tjie  cpll-dpiiiicles  oa 

"     11     Ai  vs.-ftif  ■\  ■■  ..,".•.<'.  i,i:;i<-    till    '.«»,..•   ..nd  *»^i->:«    •,  •■••  '•' :nu!^;iiccineiit  of 
•j.ii>«tli     :•/-  .ii-ul  fXIrfjuif''    -     riik.-i) 
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Fig.  '1.    \  -i-iiil!  impi  rf.'Ot  !.^p.. "imon,  iiii--:i'ivin!;  liirco  rd  l!u;  stipes. 
"     13.   A  hi  -oi  :iiiil  iiiMi'r  Hi- xrly  entire  .spciiim'ii.  .^Iio'.ving  the  lour  stipcd.    Theii  jimc- 

lii)!i  iit  t)i''  biLse  i.^  not  ()iiite  sati.-f;iclorily  .■^liown. 
"     14.   \  p.'vrl  of  .'1  ■ilii.^l-  stine,  in  whifli  tiu-  i-ollnlc.^  are  well  jiiown  nn  uiii»  part; 

wiiile  tl-.f-y  nr.-  coiiipresseil  mid  ii.'iirlv  lilditerated  on  tl)'-'  left  ot  liie  euive. 
"     ir>.  All  inuire:;>ioti  of  a  part  of  a  .■'lip"  -.vln.'ii   is  nearly  .si.iiiglit ;   rho  unpriut  of 

the  ii.xis  or  thickened  niurgin  w  nol  dt-!infd. 
"     10.  An  enlarjii'nhiit  from  tigurt-   M,  i-hi.wiiip  tlie  form  of  tlie  eeil-deuticlea,  and 

!l;e  srroniT  ii;!ir>;inal    itxef :    ohp    j.i.rtiiiD    repre.-s.atr-d   -.viiJi    the    .^ubbtanco 
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EXPLANATIONS  OF  PLATE  V. 

GaAPTOLITHUa  qUADRIBRAOFIIATUS,    page   91. 

Fig.  1.  A  largo  Bpecimen  with  stipes  vertically  compressed. 

"     2.  A  young  apocimen  in  wliich  one  of  tlic  stipes  appears  to  bo  subdivided. 

"  3.  An  individu.al  witli  stipes  a  little  curved,  tlie  baclc  of  tlie  stipe  visible,  and 
showing  no  serralures. 

"  4.  A  frond  with  one  of  tlie  stipes  broken  off;  one  allowing  the  cellules  and  dis- 
tinct strim  parallel  to  the  cell-partitions,  while  the  other  two  are  turned  so 
as  to  obscure  the  cellules. 

"  5.  An  enlargement  from  fig.  1  :  the  stipe  has  been  vertically  compressed,  causing 
the  cellules  to  show  a  less  angle  with  the  stipe  than  in  the  normal  condition. 

GRAPTOLiTnns  FBUTicosus,  page  90. 

Fig.  G.  A  small  individiml  with  the  extremities  of  the  radicle  and  stipes  broken  off. 
"     7.  An  enlargement  from  fig.  G.     Tlie  serratures  are  eitlier  imperfect  or  shrunken, 

and  do  not  present  the  characters  seen  in  bottcr-i)reservcd  specimens. 
"     8.  An  individual  nearly  entire,  with  an  extremely  long  and  slender  radicle,  but 

imperfectly  preserved  in  the  outline  of  its  parts. 

GnAPTOLITHUS  PENNATCLUS,   page   82. 

Fig.  9.  A  single  stipe  of  this  species  ?  The  specimen  is  a  large  stipe,  somewhat  obscurely 
preserved  upon  the  surface  of  a  .'flab  of  slale,  with  G.  rxlcnsus,  G.  bryon- 
oiiles,  and  Pliyllugniptus  ilicifulius.  It  is  from  the  same  locality  with 
G.  biftdus  at  Point  Levis.  In  the  form  of  the  stipe,  and  its  gradual  diminu- 
tion towards  the  distal  extremity,  as  well  as  in  the  absence  of  visible  pus- 
tules at  the  base  of  the  cellules,  it  has  the  habit  of  G.  pmnatulus.  Being 
the  only  individual  observed  from  this  locality,  and  the  resemblance  to 
G.  bifulus  being  very  close,  I  have  referred  it  with  much  hesitation  to 
G.pcnnatulus. 

Gkaptolituus  cnuciFER,  page  92. 

Fig.  10.  View  of  the  specimen  from  which  the  description  is  drawn. 
"     13.  The  disc  of  a  young  individual  probably  of  this  species. 

GnAPTOLiTutia  Headi  (?)  page  94. 
Figs.  11  and  12.  The  central  discs  of  two  individuals  which  may  belong  to  G.  Hcadi. 
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EXPLAXATIOVH  op  PLATE   V. 

I 

ORAI'TOLITHUa  girADRIIlB4(?ni.M  I'S,    pHge  91. 

Pig.  1.  A  largo  specimen  with  gtipoa  vurtical!/  compressed. 
"    'i.  A  .voiing  HpecitHKn  in  which  one  of  Die  Ktipoa  njippars  to  be  aiibili-  idcd. 
''    3.  All  iu.lividunl  Willi  «ti|,M  a  little  (.•■.rw.,],  tho  Imck  of  the  s\i[k.  visible,  ami 

sliowirifj  !io  aerrnliircn. 
"     -1.  A  frond  with  oik  of  tlio  Htipea  hrokun  off;  ono  .showing  lh<>  .cellules  iind  <li.-i- 

tiiiot  •itriiv  iianillel   to   the  coll  |u.;-titioiis,  while  the  other  two  rtre  turned  so 

as  to  ohiciirt'  the  cellules. 

6.  Aii  niiliirp*  ment  fnun  (ig.  1  ;  iho  nfipc  hfl«  bceu  verticHll/  iioaipressed,  cmwlng 

the  ctlluka  to  ahow  u  lesn  anglo  with  lli.»  atlpo  ihiiii  in  tho  noriuiil  condittBn. 

OiuPTOLiTiiuj  ynrric-i^icrt,  i^'ige  !R). 

Fig  0.  A  «inr«;i  li.dir  .1  «l  ry\u,  Hu.  ♦^ir'fmlifV,,  ,.f  iha  rftdiol<>  and  jtlppg  bvokpn  off. 

7.  An  <«nl',.ft-MP      >,xi' lis  C    •  Tb'i  ?»Ti'4turwn  »r«' '•iih>-»- lp-^irr«tci  or  *J.i-u»ken, 

"     *i.    \',    .-hiui:'..  (•••.vlvvt.Cr^   v.,  ..   ,f,  .•■.'■..,  -.,  .;.  ,;  r.    .dti- mditle,  but 

iUij-ri'?.';;^  f'.fr*stvrft  -a  I'.',-*       .-.,  ■  .     ,  -^ 

'•■  •  •   •  J  1 1  i»'i  •  M  » ^ «.-•■,.  r. >    |<4f »   ft "■ . 

Fic.  ^  \  »:i.>fi>'  »ui,c  of  thia  tpedea  7  The  n'^ntiieu  is  n  lars-c  .ifipc,  soinewhai  ohficurolj 
prps(i-vc,l  upon  thv  .srn-fiii'o  ..r  n  ^lah  of  .<l/i;c,  witti  O.  ixlensufi,  O.  biijon- 
oi.i.,.  .,f,<l  }"iijlh,rr„i,tu%  ilui/i'ltuf.  h  ii  from  tin-  ^lu.le  locality  with 
ii.  tn/r.'un  at  Point  lA-vis.  In  tin'  form  of  the  .stipe,  and  its  prradiial  liiiiiinu- 
tiou  towards  tha  di.?!a!  fxtrcmity,  as  well  as  in  Uu'  absence  of  visible  ous- 
tu!p.s  at  the  base  of  the  cullulfts,  it  has  th«  habit  of  G.  penmilulus.  Jicing 
the  on!v  iiidivid;ml  obsorv.-d  from  ihid  locality,  and  (he  re.^^.-mldance  to 
G.  hifir.  V  being  very  close,  I  have  referred  it  will;  much  hesitation  to 
0.pnvuitulH$. 

«  Oraitolithus  Ciit'ciFRB,  page  93. 

Fi^'.  10.   View  of  the  Ppocinicn  from  which  tho  dcsciiption  Is  dMwn, 
"     13.  TUe  disc  of  a  young  individui.1  probably  of  ihi.i  u.e.  \;-, 

GUAPTOMTHIS   nKADI(?)   pagO  i»4 

Figs.  II  and  'i.  The  ceutial  discs  of  two  iudivit  ,>ii8  which  may  belong  Uj  U.  II  cadi. 
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EXPLANATIONS  OF  PLATE  VI. 
Graptolithus  frutioosus,  page  90. 

Pig.  1.  A  fragment  showing  two  of  the  stipes  entire,  and  the  bases  of  two  others  ;  the 

radicle  extending  to  tlie  margin  of  the  specimen. 
"    2.  A  specimen  preserving  three  of  the  stipes,  one  of  them  entire,  and  showing 

some  irregularities  in  the  bifurcation  where  the  one  is  broken  off. 
"    3,  An  enlargement  of  the  right-hand  stipe  of  the  specimen  fig.  1. 

Graptolithus  bryonoides,  page  84. 

t 

Pig.  4.  A  frond  in  which  three  of  the  stipes,  and  the  base  of  the  fourth,  are  preserved. 
The  specimen  shows  some  peculiarity  in  the  union  of  the  parts  by  the 
slender  fuuicle.    From  the  river  Ste.  Anne. 

Graptolithus  quadribraohiatus,  page  91. 

Fig.  5.  A  frond  preserving  one  stipe  partially  entire,  and  others  broken  off:  the  funicle 
and  radicle-point  are  well  preserved. 
"    6.  An  enlargement  from  the  specimen  fig.  5,  showing  the  form  and  proportions  of 
cellules  in  their  more  perfect  preservation,  with  the  striae  parallel  to  the  cell- 
margins  well  preserved. 

Graptolithus  cruoifer?  page  92. 
Fig.  7.  A  central  disc  of  G.  crucifer,  with  the  bases  of  the  branches. 

Graptolithus  Headi,  page  94. 

Fig.  8.  A  representation  of  the  specimen  of  the  natural  size,  and  as  it  occurs  on  the 
surface  of  the  stone.  (The  upper  separated  portion  of  the  stipe  is  placed 
a  little  lower  in  the  figure  than  it  is  on  the  stone,  in  order  to  bring  it 
within  the  dimensions  of  the  plate.) 

Graptolithus  alatus,  page  93. 

Pig.  9,  The  specimen  represented  as  it  occurs  on  a  fragment  of  slate.  The  back  of  the 
stipes  shows  faint  indentations,  but  they  are  made  too  strong  in  the 
engraving. 
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EXPLAIfATIO.NS  Of  PT.ATE  VI. 
GitAi'TOLiTHt'L*  fnrTicosrs,  ja^e  &0. 

t 

Fig.  1.  A  fragmi^ni  sliowinR  two  of  ih,  .nii,,..,  fniirc,  a.i.l  tlte  bases  of  t^o  others  ;  the 
radicli:  i  aIcihIi.ih  to  the  nmr,-;n  of  the  apucimcii 
"     3    A  speciman  i,reT,-vi,.;r   Ihri-e  o!   the  .'.,,,«,,  one  of  thv<.n  cniire,  and  .showiur 

3'.>m,-  ir.ogiiliu-itic.:  in  llie  bifur-'.illoii  where  the  on-  in  brokcu  ofl'. 
"     3.  All  1  iilai-gei'K  ut  of  Ihu  rigi.t-imnrl  n'nw  ..f  tli..  spt.rnucn  lig.  1. 

GKAi'T'-taTUi'a  iJin'ONoioi:?.  pnge  8i  ' 

f''!g.  4    A  fn::.,l  i„  whic!.  tb.vt-  of  the  iiiiie;..  (Iti(!  il„    ha..  „r  ibr  f,.  .rth,  arc-  pre'orved. 

.'.K  >inM.„:.n  KtMws  ..o,,.,  ■  -.i;...  ,  ,„  .,,,  ,,,,j^,„  ^^fj^^  |,,,^,^  ,,^  ;j,; 


•  i^  li'. .'i,'  rn.  ;■  •. i 


Vis  ^    A   '>■ 


■  •>  "i  '  If-  the  funicle 


■•  ■  =  ■.-,  Die    ,)    -a.ji-n  ug.  •   .-hDwinif  rli?  furn;  unij  proj.ortionH  of 

«.  s.-il,  .-  :.!  t,i.  ir  more  pcrS'-u  (a-.-s«rr.u:^.,,  -,  j,]-  d.a  s'.ria- p.^sHfl  tothn  coll- 


(rHAPTOLivrn-M  <:nr.c:tt.:'.l  pag<:  Oi. 
!'ig.  7.  A  cenlni!  'lisc  of  G.  cnuifir,  ,iiti,  tiu-  iasoa  of  tho  branthes. 

OnAI'Tor.ITHIVS    Hi.;ADi,  pilgvl  J4. 

FlK-  ?.  A  repn-sMUatioM  r-f  >hc  .,e,Mnir.n  of  .;,.  T.^tn.:.!   -i:-e.  .md  u^  it  occirs  on  tho 
surtace  of  ih.-     g\ow.     Citv    up-,  r  ■:;•!. inu..'.'  ■•';■•<„,  ,,!'  iht   s.-.,-  ..  ;  hu'cd' 
fi    iiUl-    h.»v..r  i„   the  '\^-,rr   tl.u'i  iL  is  UN   0;^-     •,:!,.,    i,,  or.v/u.  >,r:ug  it 
wUhiri  tijc  aiLi.p'isioiiH  oi  iht>  ;<!«[■.•,) 

GraI'TuI  :'  ••'  •    4  '  Af  1,  p,i;"    ., 

^•:«.  y.  The  .p«fn>,Pu  rep^,vo.,!.J  rt..  •  ..-,..  .-„  ,  -.„,  ,..^,  „,  „,,,,,  .yj,,,  j,,,^,^  ^,.  ,,^^. 
sti,,t,  5l,oTi  f:u.ii  ia,I.'.M,v..,  ..  n-My  ,•  -  ,,^.1,.  t,>,.  nro.ig  la  ibo 
on^raviiig. 
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EXPLANATIONS  OP  PLATE  VII. 

Graptolithub  ootobbaohiatcs,  page  96. 

Pig.  1.  A  large  individual  preserving  two  of  theatipes  to  the  lengtli  of  eight  inches,  and 
another  to  nearly  the  same  extent,  while  the  rest  are  broken  oif  at  less 
distances  from  the  disc.  The  flexibility  of  their  substance  is  well  shown  in 
the  recurved  stipe  at  the  left-hand  side  of  the  figures.  Although  this  speci- 
men preserves  the  most  extended  stipes  of  any  in  the  collection,  the  disc 
is  smaller  than  in  several  of  the  other  specimens. 

"  2.  The  exterior  of  a  larjfe  disc  of  this  species,  with  the  stipes  broken  ofif  a  little 
beyond  its  margic .  The  two  longer  portions  are  so  turned  as  to  show  the 
cellules. 

"    3.  A  portion  of  a  large  disc,  showing  the  exterior  or  non-celluliferous  face  of  the 
frond,  and  preserving  portions  of  four  of  the  stipes. 

"  4.  A  frond  with  the  stipes  broken  off  at  different  distances  from  the  centre.  The 
sub3tance  of  the  disc  or  cup  is  imperfect,— a  condition  which  apparently 
existed  while  the  body  was  in  a  living  state. 

"    6.  An  enlargement  from  one  of  the  stipes  of  fig.  1,  at  c,  looking  upon  the  apertures 
of  the  cellules,  which  are  somewhat  compressed. 
6.  An  enlargement  from  the  same  at  6,  where  the  substance  is  laterally  compressed. 
1.  An  enlargement  from  the  same,  where  the  substance  is  obliquely  compressed  at  a. 

Figs.  5  and  7  are  taken  from  casta  made  in  the  impressions  left  by  removal  of  the 
substance  of  the  graptolite. 
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liXPLAKATIOXa  OF  fLATE  VII. 

(iHArTOI  ITHl'S    OCTOWIJAClt    kTi'l",    i-»j;*'      '  '. 

A  Irtrije  ".iivi.i  Ki  I  t<-A  r-''.  .•*-\>-  r.f  iHt"  «'i'rv  t,.  ?(!<■  I''ii;jt!i  of  ei<;ht  inches,  and 
«.':o;i|>"  '«.  M..~!i-  •!■«  i^MiM  c.ti'r.i.  »(•!'■  "i-  •  .'  ^v,  •  '  .-T.Woa  i-lf  m  loss 
(i."'jiii  •'    •  ••    U-- ■!  ■        *. :      ■••  i,'.  ,1  •  .  1  ••    '    'X'l.  liiown  iu 

'      j  *  .'•  'iiijl  dpBCi- 

■     1  •  vi'.'ti,  iho  diic 

■    .1  .     ■  .,>■■•        ••■  •(     ••■!  •     ■ 

'i'-"  ■  ■!'  ■'  u>A  ■•  ■■:  !  ."  "r-'c^M,  -.'.'li  t;a- sti|."i  brykftn  (iff  n  little 
• '  V       !  i'li  !.  Hr»«i  ;.     Till;  Vwc  loiij^rr  5Mati'"a  am  eo  uirnai!  ftj  to  show  tho 
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ii  Ml'!,  iinil  jiffrorvii.t,'  jijitijiriJ  of  Tonr  of  tlie  :-"i],>.w 
A  fruii'l  vvi'Ji  thn  stipes  iTvkeii  (iff  nl  liiaVient  Uishm-es  from  tlio  centre.     Thft 

BuliytuiM.T  of  ihfi  disc    ir   cup  i.-  imp;;rtijKt, — n  con(lii''iii  wiiitli  iipp-irynlly 

I'xi.stcd  wliilo  tht!  hiijy  wai  '.a  iv  living  ffiito. 
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EXPLANATIONS  OF  PLATE  VIIT. 

Grai'toi.itiius  octobraciiiatus,  page  96. 

Fig.  1.  A  symmctricnl  frond  preserving  parts  of  all  the  stipes,  two  of  tliera  apparently 
almost  entire  ;  several  of  tlieni  had  been  abruptly  bent   before  being  im- 
bedded in  the  stone. 
2.  A  frond  preserving  ei  j;lit  stipes,  but  withont  a  disc.    The  specimen  does  not  afford 
any  evidence  ihiit  a  disc  has  ever  existed. 

"  3.  A  frond  witii  small  disc  and  somewhat  slender  stipes.  One  side  preserves  the 
usual  cluiriicler  of  (our  stipe.'!,  wliile  tlie  other  has  but  three. 

"  4.  A  friMid  whicli  is  alirornially  developed  ;  one  side  e.\liibiting  the  four  stipes  with 
tlie  disc,  while  on  the  other  side  the  I'uuiclo  is  apparently  extended  in  a  single 
stipe  only. 


.^ 


hem  apparently 
iforc  being  im- 

II  does  not  afford 

le  preserves  the 

four  stipes  with 
iJed  in  a  single 


■%,, 


.-■#«■ 


'*%. 


'-mi 


•% 


X 


% 


'%^ 


■".Tf?'.*"      ^-• 


J*'        •:.       ^ 


.)      ^ 


?v, 


%. 


H 


J- 


\ 


1- 

■  r 

i'i 

;    ■-, 

% 

■ 

'  ,j 

'    ' 

:  ■  '■ 

1' 

i-i, 

' 

*' 

) .  ■ 

: 

i--^ 

'«'' 

• 

1 

i 

11 

■I 

m 


1! 

! 

M 

ii^lBl 


I         ,.i 


I      I 


v:    'V--    •!■■  pf 


i  !■ 


.t  ,'M\h.\ 


i;.     1'.' 


r     :r'  V(.s    [l,i; 


i.fr-    viil' 


lii  -l  .-n._o 


hi  ,:>;^'     llil- 
l;.,-^    vilh 


If! 


1 


I'l.. 


ITT 


I    I' 


' 


"    2. 
"    3. 


EXPLANATIONS  OF  PLATE  IX. 

Graftolitiius  Looani,  page  100. 

Fig.  1.  A  specimen  of  slate,  preserving  portions  of  tlirce  individuals  (two  only  given 
in  the  illustration).  The  disc  had  probably  been  removed  by  maceration 
before  they  were  imbedded,  but  the  stipes  are  preserved  to  a  length  of 
more  than  seven  inches.  It  does  not  appear  that  this  exhibits  the  entire 
siteleton  :  the  stipes  were  or'ginally  longer.  The  serrated  margins  are  not 
always  shown  at  equal  distances  from  tlie  centre  ;  but  tliis  is  due  to  acci- 
dental position,  some  stipes  sliowing  the  exterior  surface  for  some  distance, 
and  then  gradually  turning  and  becoming  flattened  laterally. 
A  specimen  showing  tlie  disc  almost  entire. 

An  individual  showing  the  exterior  surface  the  central  portions  entire,  with  the 
impression  of  the  connecting  disc,  some  portions  of  which  remain  attached 
to  tlie  stipes.  Tlie  extent  and  outline  of  the  disc  are  distinctly  seen. 
The  appearance  of  serratures  is  due  to  exfoliation,  wlilch  shows  the  impres- 
sion of  tlie  cenuliforous  side  of  tlie  stipe  upon  the  stone. 

'*  4.  A  specimen  cxliibiting  the  lialf  of  an  individual,  with  tlie  disc  unequally  ex- 
tended between  tlic  rays.  The  margins  are  ail  apparently  entire,  and  this 
inequality,  to  wliatevcr  accident  due,  existed  in  the  living  animal. 

•'  6.  Exterior  view  of  an  individual  sliowing  some  remaining  portions  of  tlie  disc;  tlio 
stipes  are  all  brolcen  off  beyond  the  bifurcations. 

"  6.  Anotlier  individual  showing  the  inner  siiie,  with  tlie  commencement  of  the  cells, 
which  appear  in  some  places  in  double  series.  The  substance  of  the  disc 
is  removed. 

"    7.  Enlargement  of  the  "xterior  surface  of  the  central  portion  of  the  specimen  fig.  5. 

"  8.  Enlargement  of  the  ini  i.r  surface  of  the  specimen  fig.  C,  giving  the  appearance 
of  a  double  scries  of  cells  separated  by  a  depressed  line  in  the  substance  of 
the  stipe.  Sometimes  this  separation  appears  to  be  actual,  while  else- 
where the  apparent  division  is  due  to  the  dei)ression  along  the  centre. 

"  8.  Enlargement  of  a,  fragment  of  a  stipe,  showing  the  form  and  proportions  of 
the  cellules. 
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EXPLANATIONS  OP  PLATE  X. 

Graptolithus  octonarius,  page  95. 

Pig.  1.  A  specimen  of  natural  size,  much  broken  and  distorted  from  pressure. 
"    2.  An  enlargement  from  the  preceding  figure. 

GRAPTOLiTHca  FLExiLis,  page  103. 

Fig.  3.  A  fragment  of  slate  preserving  more  than  half  of  a  frond,  and  showing  the 
folding  and  crossing  of  some  of  the  branches. 
"    4.  A  fragment  preserving  parts  of  three  individuals,  the  extremities  of  the  branches 
all  broken  off. 
5.  The  central  portion  of  the  frond  of  another  individual. 
C.  Separated  branches  preserving  the  cellules  in  unusual  perfection. 

7.  An  enlargement  of  the  centre  of  the  frond,  fig.  5,  showing  the  short  radicle 
and  the  usual  mode  of  branching.  The  central  part  of  the  axis  is  rounded, 
with  a  narrow  corneous  alation  at  the  sides. 

8.  A  bifurcated  fragment  enlarged,  from  fig.  4 ;  the  cellules  have  been  flattened 
vertically,  causing  them  to  be  visible  in  slight  indentations  on  both  sides  of 
the  axis. 

9.  A  portion  of  a  branchlet  enlarged  from  fig.  G,  showing  one  part  compressed 
laterally,  witii  the  cellules  fully  expanded,  while  the  otlior,  on  tlio  right 
hand,  is  gradually  twisted  so  as  to  show  only  the  back  of  the  branchlet. 
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EXPLANATION'S  OF  PLATE  XL 
GnArTOLiTiiL-3  iu(iiDt;s,  page  105. 

A  frajinicnt  jtrepprving  llie  centre  and  principal  branches. 

A  larger  specimen,  showing;  the   principal  ramifications  of  the  branches.     Thia 

and  the   preceding  specimen  show  only  what  appears  to  be  the  non-cellu- 

lif'erous  portion  of  the  frond. 
The  extreme  parts  of  some  liranchlets  lateraiiy  compressed,  showing  the  cellu- 

liferoMS  parts  of  the  frond. 
An  enlargement  of  one  of  llie  branchlets  of  fig.  3. 
A  strong  branch  with  part  of  the  branchlets,  showing  the  lower  side  or  non- 

celhiliferoiis  portion  of  tlie  froud, 

GltA'i'TOLITlIUS  AliNORMIS,    page    lOG. 

Fig.  0.  A  fragment  of  slate  preserving  the  centre  and  the  brandies  on  one  side  to 
beyond  tlie  first  bifurcation.  The  otiier  side  is  imperfect,  and  apparently 
less  developed. 

Graptolitiil'.s  Logani,  page  100. 

Fig.  7.  The  central  part  of  an  individual  without  disc,  showing  five  stijics  on  one  side 
and  four  on  the  other.  This  is  supposed  to  be  an  abnormal  form  of  G, 
Logani. 
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EXPLANATIONS  OF  PLATE  XII. 
GuAPTOLiTiins  RicHAnnaoNi,  page  107. 

Fig.  1.  A  fr.igmcnt  of  slate,  preserving  a  stipe,  with  six  branches  in  its  apparent  con- 
tinuation, anil  impressions  of  t\^o  others  in  the  intermediate  space  ;  two  of 
these  again  liit'urcating. 
"     2.  A  fra;^'ment  jireserving  several  branchlots,  wliich  are  compressed  in  diilerent 

(livectiou.-,  showing  the  sides  anil  ajiertures  of  the  cellules. 
"     3.  An  iniprcssiju  of  a  bifurcating  frajrmcnl,  the  cellules  of  whicli  were  filled  with 
mineral  matter  and  vorlieally  compressed. 
A  fragment  of  a  branch  IiUera.Uy  compressed. 
Tlic    impression  of  a   bifurcating   branch   wlicre    the    cellules    are    somewhat 

obliipiely  compressed,  and  partially  filled  with  mineral  matter. 
A  fragnieni  enlarged,  giving  a  lateral  view  of  the  cellules. 

An   eidargement   from  an  inipres-ion    of  a    branchlet,   from   fig.    5,    wliich    is 
ol)li4ue)y  comiu'essed,  having  llie  celhdos  lilled  with  mineral  matter. 
"     8.  Enlargement  of  a  fragment,  from  fig.  1,  where  the  cellules  are  lilled  with  min- 
eral matter  and  vertically  compressed. 

GuAi'TOLitin;s  HAMiLCS,  page  108. 

Fig.    0.  A  small  bifurcating  brunch. 
"     10.  An  enlar":euicnt  of  fig.  1^  sliowing  the  form  and  extent  of  tiie  cellules. 
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EXPLANATIONS  OF  PLATE  XIIL 

GnAPTOLITHnS  QDADUIMUCRONATUS,   pagO    144. 

Fig.  1.  Part  of  a  stipe  compressed  in  a  sliglitly  oblique  direction,  still  showing  the 
cellules  on  the  two  sides. 
"     2.  A  stipe  compressed  more  obliquely,  so  as  nearly  to  obscure  the  cellules  OQ 
one  side. 

3.  A  specimen  compressed  vertically  to  the  celluliferous  side  of  the  stipe. 

4,  5,  and  G.  Enlargements  from  specimens,  figs.  1,  2,  and  H  respectively. 

7.  Enlargement  from  a  specimen  where  the  solid  axis  lies  near  to  one  side. 

8.  A  specimen  obliquely  comj)ressed,  so  that  tlie  mucronate  points  at  one  angle 

of  the  cellules  of  the  left  side,  are  pressed  through  the  test,  and  show  on 
the  surface  as  a  range  of  pustules.  The  axis  is  displaced,  and  se  u  on  one 
side  of  the  centre. 

"     9.  A  diagram  rci)resenting  a  theoretical  longitudinal  section. 

"  10.  A  transverse  section  of  a  stipe  with  the  mucronate  extensions  of  the  cell- 
margins. 

ClIMACOOBAPTUS  ANTKNNARIUS,  page  112. 

Fig.  11.  A  young  indi\idual,  compressed  in  such  a  manner  that  the  cell-aperturea  are 
not  sliown  upon  the  margin. 

"  12.  A  flattened  sti;ie,  i)resenting  only  the  mucronate  terminations  of  the  cell- 
apertures  beyond  the  margin. 

"  13.  An  older  individual,  showin'r  the  margins  of  the  stipe  extending  lieyond  the 
cell-apertiires,  while  th^  Uules  are  visible  in  the  substance  of  the  stipes 
as  darker  areas. 

DiPLOouAPTUS  iNUTiLis,  page  HI. 
Fig.  14.  A  piece  of  slate  preserving  fragments  of  two  individuals. 

DiPLOOUAPTtja  PRISTINiFOUMIS,   page  110. 

Fig.  15.  A  fragment  of  a  stipe,  showing  the  usual  form  and  proportions  of  the  best- 
preserved  specimens. 

"  IG.  A  smaller  individual,  with  the  mid-rib  or  axis  extending  beyond  the  body  of 
the  stijie. 

"     17.  An  enlargement  from  fig.  16,  showing  more  distinctly  the  form  of  the  cellules. 
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EXPLANATIONS  OF  PLATE  XIV, 

IlETIOtlTES   ENSIFORMlfl,    pnge  114. 

Figs.  1,  2,  3.  IndiviJiinla  sliowing  gradiuions  in  growth,  und  slight  differences  in  their 
proportions. 
"     4.  A  nciirl}'  cntiro  stipe  of'tlic  largest  si/c  obgerved. 
"     5.  An  enlargement  from  the  specimen  tig.  2. 

RKTlOOnAPTUS  TKNTACULATCS,  pagO  110. 

Pig.  C.  An  individnal  of  the  natural  size,  with  the  marginal  reticulations  nearly  entire. 
"     7.  The  preceding  specimen  cnliirgcd. 

"    8,  An  enlargement  of  aiiotlier  individual,  where  the  marginal  reticulations  are 
but  partially  preserved. 

Retiouuai'tus  ELCiiAUis,  page  l-KJ. 
Fig.  9.  An  illustration  of  a  compound  form  of  the  genus,  enlarged  to  four  diameters. 
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EXPLANATIONS  OF  PLATE  XV. 

PHyLLOGHAPTUS   TYPU3,   page   119. 

Fig.  1.  All  extremely  short  nntl  broad  form  of  this  species,  with  the  axis  broad,  and 
sliiiwing  some  remains  of  the  cellules  at  the  base  of  the  separated  division. 

"  2.  An  eloiigate-ovatc  form  of  stipe,  witli  a  broad  axis,  which  docs  not  show 
remains  of  cellules.  Some  of  tiie  cellules  in  the  upper  part  of  the  stiji'  ~.re 
tilled  with  iron  pyrites. 

"  3.  A  form  siinihir  to  the  preceding,  showing  remains  of  cellules  on  the  upper 
part  of  the  axis. 

"  4.  An  elliptical  form  of  stipe,  where  two  of  the  divisions  haye  been  separated 
leaving  tlie  bases  of  two  sets  of  cellules. 

"  5.  A  broadly  elliptical  form,  from  which  two  of  the  divisions  aii<l  the  axis  have 
been  removed;  showing  the  bases  of  the  cellules  of  the  folia  which  remain 
in  the  slaic. 

"  G.  A  stipe  comiu'essed  in  the  same  direction  as  fig.  3  of  the  generic  illustrations 
page  119  ;  witli  a  part  of  one  of  the  folia  removed,  but  not  reaching  to  the 
axis.  The  lines  of  the  cell-partitions  appear  as  if  continued  across  the 
axis. 

"  7.  An  elongate-lanceolate  form  of  stipe,  which  docs  not  show  cellules  in  tho 
line  iif  the  axis. 

"  8.  An  einugate-elliptical  and  very  symmetrical  specimen,  showing  the  marks  of 
cellules  along  the  axis,  which  is  unusually  narrow. 

"  !  .  A  part  of  a  sti|)e  fcdded  in  the  manner  of  fig.  G,  the  upper  portion  of  one  side 
preserving  only  the  impression  of  the  substance.  In  the  lower  part,  the 
cell-markings  on  the  axis  should  be  shown  more  distinctly. 

"  10.  A  group  cif  snuiU  stipes  upon  the  surface  of  a  ]iiece  of  shale.  These  are  given 
in  their  natural  size  iiud  in  their  actual  relations  to  each  other. 

"  11.  An  enlargement  of  a  iiart  ol'au  impression  of  a  stipe  wliieli  has  been  flattened 
ill  the  direction  of  figs.  0  and  9.  A  jKirtion  of  the  substance!  remains,  as 
shown  on  tliu  left  haml  ;    tlie  cellules  tilled  with  iron  pyrites. 

"  12.  An  enlai'ged  jiortion  from  a  stiiie,  shouing  tiie  double  cell-denticles  and 
coiresponding  cell-partitions.  The  narrow  spaces  on  the  surface  of  the 
fig  ire  are  more  elevated  than  tlie  wider  ones,  with  a  greater  thickness 
of  tlie  substance;  which  I  suppose  ni;iy  ha'-e  been  caused  by  ilie  cell- 
partitions,  which  arc  obliipiely  compressed,  thus  showing  tlie  cell-ileniicles. 
These  elevated  spaces  become  gradually  narrower  towards  the  axis,  in 
accordance  with  the  form  of  the  cells,  as  shown  in  the  theoretical  figure  10 
plate  xvi. 
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EXPLANATIONS  OF  PLATK  XVI. 

PHYLLOOnAPTUa   ILICIFOLIUS,    im^JC    121. 

An  individual  of  tlic  'lutural  size,  where  the  folia  b,  a*  nre  broken  entirely 
nwiiy  Ix'voiid  ll  ixis,  leaving  tin-  bases  (if  tlic  cellules  of  two  adjacent 
folia  viaible,  exeept  at  the  iijiper  part  of  tlie  tigure,  who-  two  or  thrco  of 
tiie  bases  of  the  other  cellules  remain. 

A  similar  apecinieu,  .showing  the  bases  of  a  set  of  cellules  on  each  side  of  tbo 
centre,  with  two  or  three  of  those  belonging  to  the  brolcen  folium  at  the 
base  of  the  figure. 

An  enlargement  of  tig.  2,  showing  more  distinctly  the  cellules  on  each  aido 
of  the  central  lino,  and  the  small  remaining  |)ort:on  at  the  base. 

A  specimen  of  the  natural  size,  where  one  folium  is  broken  away  not  quite 
so  far  as  tlu;  axis,  leaving  the  bases  of  its  cellulea  visible. 

An  enlarged  figure  tVoiii  a  specimen  whicii  has  been  imbedded  transversely. 
Three  of  the  divisions  have  been  broken  away,  leaving  impressions  of  the 
lateral  ones  only,  and  of  the  cell-bases  and  cell-jxirtitions  of  the  fourth 
diviiion,  which  are  directed  obli(iUoly  upivards  from  the  axis  and  jioint  of 
view.  The  lower  part  of  the  specimen  pnserves  a  portion  of  the  lateral 
folia,  with  the  bases  of  the  cells  of  the  outer  division  a',  which  are  directed 
towards  the  axis. 

An  enlargement  of  a  specimen  which  is  imbedded  obliquely,  or  in  a  direc- 
tion as  if  the  theoretical  figure  10  were  vertically  compressed,  leaving 
no  visible  axis.  Iti  the  lower  half  of  the  specimen,  the  fossil  has  been 
sciuxrated  in  the  op]:osite  slaty  laminiv,  leaving  only  the  impression  of  that 
side,  wliich  also  shows  no  axis.  In  the  upper  half  of  the  specimen,  the  cel- 
lules are  well  preserved  and  on  the  loft-hand  side  the  apertures  are  con- 
spicuous. Enlarged  to  three  diameters. 
It  will  be  o!).«erveil  that  the  impression  is  not  quite  in  the  same  direction 
as  the  outliue  in  the  upper  portion  of  the  figure,  owing  to  the  obliquely- 
compressed  folia. 

A  specimen  compressed  in  the  same  manner  as  fig.  G  ;  the  upper  folia  have 
however  been  separated,  except  the  bases  of  a  few  of  the  cellules  in  the 
upper  part  of  the  figure,  leaving  the  other  two  folia  imbedded  in  the  shale, 
and  showing  the  ba.^cs  of  their  cellules  ascending  from  the  axis.  Enlarged 
to  three  diameters,  as  in  fig.  6. 

An  enlarged  figure  of  a  specimen  compressed  in  the  direction  first  described 
without  any  separation  of  the  parts  ;  from  which  catise  there  is  no  i)roper 
axis  visible.  In  this  condition,  the  specimens  resemble  Graplolilhus  fuliuin 
of  Hisinger,  or  G.  ortitm  of  Barraude. 

An  enlargement  of  a  specimen  compressed  as  in  fig.  8,  but  with  the  cellules 
filled,  and  the  margins  of  the  upper  two  folia  broken,  showing  the  cell- 


openings.     (8  and  !>  are  enlarged  to  twice  the 


itiiral  size.) 


"  10.  A  restoration  of  the  form  of  P.  ilicifolius,  showing  the  four  divisions;  which 
are  represented  as  cut  through  transversely,  exhibiting  the  cell-cavities. 


•  These  letters  refer  to  Uie  illustrative  figures,  page  119. 
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EXPLANATIONS  OF  PLATK  XVI,  continued. 
Fiiv.M,oaRAPTU3  Ahka,  pago  124. 

Fig'.  11.  A  specimen  with  tlie  fnl in  obliquely  compressed. 

"  12,  13,  14.  Iii(livi(lvi:ild  allowing  some  varloiiea  of  form.  The  specimnns  have  all 
been  so  imhoddod  timl  one  of  tlic  folia  lias  been  torn  away  in  ilio  separated 
lamina}  of  simlo,  leaving  an  axis  niiirked  l)y  the  bases  of  its  cellules. 

"  15.  An  enlnrgenient  nf  a  specimen  which  has  one  of  the  lamiiiiu  vi>rlically  im- 
bedikii,  and  shows  the  bases  of  the  cells  ns  they  recede  from  the  a.\i3.  The 
marking.^  at  the  sides  are  from  the  impressions  of  the  folia,  except  a  small 
fragment  of  one  reniaitilng  on  the  left-hand  side  of  the  figure. 

"  10.  An  enlnrgeraent  from  n  specimen  where  the  two  lateral  folia  remain,  showing 
the  bases  of  the  cell,  of  the  folium  which  has  been  broken  off,  in  the 
separated  laminip  of  slate.     The  surface  u  distinctly  striated. 
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PnYLLOonii'Tua  ANOusTiroLici,  page  125. 

Fig.  17.  A  small  and  comparatiTely  wide  specimen,  with  a  distinct  linear  axis,  but 
without  evidence  of  'jelhiles. 

"     18.  A  more  elongate  specimen,  M'ith  distinct  axis,  with  a  darker  line  in  llio  centre. 

"     19,  20,  21.  Varieties  of  form  and  proportion.     The  Sfieciraen  fig.  21  is  the  largest 
observed. 

This  species  is  jilaced  under  P/njIhi'^niptv.i  from  its  similarity  in  form  to 
others  of  the  freiiii?.  ;ilthoiigh  evidence  of  tlic  quadruple  division  has  not 
been  establi.slied.  The  want  of  piiriillclism  of  the  ni(ngin;<,  and  iho  sub- 
elli[itical  form  would,  I  conceive,  be  sullicient  to  lemovu  ii  duni  the  genus 
Diplograjilus. 

Graptolithus  I'Kisnvi,  page  86. 

Figs.  22,  23,  and  24  illustrate  a  common  condition  of  this  species,  where  two  of  the 
division.s  show  the  latorul  faces,  while  the  non-celluliferous  edge  of  a 
third  division  is  seen  lying  nearly  vertically  in  relation  to  these.  The 
fourth  division  ha.s  hpL-n  broken  off  in  the  separated  lilni  of  slate. 

"  25.  A  sjiecimen  showing  the  lateral  faces  of  two  divisions.  Below  these,  in  the 
shale,  are  seen  the  non-celluliferous  edges  of  the  two  other  divisions. 

"  29  and  30  sitow  a  still  clo.ser  arrangement  of  the  jiarts,  and  the  contiguity  of 
the  non-celluliferous  edges  at  tlie  apices,  which  are  scarcely  perceptibly 
separated  ;n  the  shale. 

"  26.  An  individual  where  tlu'  apices  of  the  divisions  are  in  contaot,  either  conjoined, 
or  accidentally  so  jilaced,  with  n  narrow  space  in  the  centre.  In  obscure 
spec i mens  it  i ;  difticult  to  separate  such  forms  from  PhijlloifiiipltK. 

"  27.  An  individual  where  the  divisions  are  equally  spreading :  one  of  them  pre- 
serving only  the  base  of  the  stipe. 

"     28.  The  same  enlarged. 
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EXPLANATIONS  OF  PLATE  XVIL 
Dendrograptos  flexuosus,  page  127. 

Fig.  1.  A  small  frond  of  the  natural  size. 
2.  A  part  of  a  larger  frond. 

DENonoonAPTCS  divergens,  page  129. 
Figs.  3,  4.  A  specimen  of  natural  size,  and  an  enlargement  of  the  same. 

Dendrograptus  striatus,  page  129. 

Fig.  5.  A  fragment  of  a  frond,  preserving  the  bases  of  some  of  the  branches. 
"     6.  A  portion  of  the  non-celluliferous  surface  enlarged. 

DUNDROGRAI'TUS  ERECTl'9,  page  130. 

Fig.  7.  The  principal  stipe,  and  bases  of  some  of  the  branches,  of  the  natural  size. 
Dendrograptus  fruticosus,  page  131. 

Fig.  8.  A  frond  which  is  aitparontly  nearly  entire. 
"    9.  A  more  dilluse  form  of  the  same  species,  with  some  of  the  branches  broken  off. 
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E\"'LANATIONS  OF  PLATE  XVIII. 
DEXDHOOltAMf-rt?   (Callocraptus?)  diffusus,  pngc   l.'!'.'. 

Fig.  1    A  ponion  ofii  broken  frond  hum  near  the  base.     The  test  ia  rtiuuvcd  in  some 

])iiru,  showiiijr  fcUulifi.roug  niiiikings. 
"     2.  A  fraginiMit  of  unotlu'r  .s;.ecinu'n  with  similfir  cell-miirkiii<;3. 
"     3.  All  eiil.irgciiu'iil,  sliovv.ug  tlie   cell-iipertures.     The  -iK:cimcns  are  extremely 

comiiiesacd. 

rAI,I,OORAPTl'.<)  EI.EOANS,  pngB  134. 

Fig.  4.  A  frasxment  wliicli  is  more  lax  ami  sproiulint;,  with  sliortcr  hrnnchlets 
than  the  onlliiary  spociuiens,  but  Laving  rtimibirslriii.-,  ami  a  siiailar  arrange- 
ment of  cellules.        * 

DENimoGRArTUS  G11A0IU3,  page  K!J. 

Fig.  5.  Two  of  the  larger  branches  with  their  sub-divisions,  of  the  natural  size. 

<    C.  All  enlargeiiu'iit  from  one  of  tiie  branchlets,  showing  tlic  striate  surface  and 
the  deep  indentation  of  the  cellules. 
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KXl'LA.VATIONS  OF   I'LATIO   XIX. 


Galloqraptus  ELKOANa,  iiago  134. 


Fig.  1.  A  fr.igmont  o.-n  fioiid,  iiatiii'iil  size. 

"  2.  A  nearly  entiro  fliibclliforin  frond.  The  two  shaded  lines  running  nearljr  ver- 
tically throiigli  the  figure,  are  due  to  faults  or  slips  in  tlie  slate,  causing  a 
slight  overlapping  of  the  lamin;p,  and  an  interruption  of  the  continuity  of 
the  frond. 

"  3.  An  enlargement,  showing  the  lateral  connection  of  the  branches  at  irregular 
intervals. 

"  4.  A  further  enlargement  of  the  uoii-celhiliferouE  side  of  a  bifurcating  branchlet, 
showing  the  striated  surface  and  a  semi-articulate  structure. 


CALLoouAPTns  Saltbbi,  page  135. 


Figs.  6,  6.  Fragments  of  two  distinct  fronds ;  one  showing  the  cclluliferous  aide,  and 
the  other  the  non-cellulife  rous  side. 

"  1.  An  enlargetuiMit  from  tlie  non-celluliferous  side,  showing  a  few  transverse  dis- 
sepiments at  irregular  intervals.  The  figure  has  the  s'  'egree  of 
enlargement  as  lig.  3  of  C.  clesans. 

"    8.  A  farther  enlargement  of  a  bifurcating  brauchlet,  showing  the  col      i   iturcs. 


TH' 


1  ,v'     ■    «.<••. 


.v.;!',::  It 


i      .4  '^:^v.f  •  ) 


V      V  -f' „..' 


:f 


.r" 


pi 
P 


V^ 

',t; 

f'' 

■  :  t-  ■; 

:     i 

T.'^  *.'' 

■  ■  i.  ■ 

>i 

,  r 

I 

-11 


,V\''l 


— ^ 


-I 


f  I 


{  .1 


\  ■■  *!  inVS 


XI  ■ 


'.0';:>«i'TI 


KJAS.-.    I'UgU 


1.    \  IV  ..^fiiini!  nfii  i~u".'l   rai'.r.il 


/5.   Aa  v''i!;uvi':!i''t:t     iLiiwir 


■Ii!>  ■•V.I  ■■lia(i'^''  '.IP'".'*  rr-iiiiiij^  ncv.-iy  vt-r 
•ii  r.iii';     ..;   -ii;!R  iti  Uif  -il.m',  !■  .lilting   ■> 
the  '•oniimiii;  of 


n  1  !■'      i'i'rr:r,  ■  "Mi 


iir  ^:n!,ih  -  tti    irrfpii'.sT 


;t  :•    lii'ig  !ir  .iir 


lil.t, 


I 

-jl  111] 


■-•.  r.  ■_..  )• 


(>ni'    -  M>l''Ii;T  IIU.  11'. 


p'.'j'inii'.r 


;;  -  ■■uH-.-i!!"iilv  ,■  ,1^  ~) 

II        if     linn-f.  iJuli/'''!  i.il- 


■  .  ]•  .  -'iiMWiufr  .1  tV'.v  (iM.i-  •    I    .    J 
i  he  i'ljiirf  ha.>  i'.,-r  :..mi-  ii.'jjrri 


^     V  1.,,'Nrr 


'■  .   II ,■'  M   .!l  iij  lij?: 


j1'  r     '■,'11/1  > 


iM'Cllll'  .;     .l.^iC''.l<'t,  .>ll  >"'N  . 


V 


{  );  i'  ,  li  l^U  .u     3'Ml'i  1_     I,'  t    I'  .UUli^i 


Mtv:t,4 


ii 


<  ti 


in 


EXPLANATIONS  OF  PLATE  XX. 

DiOTTONBMA  IKnEQULARTS,   page    136. 

Fig.  1.  A  fragment  from  near  the  btiso  of  a  frond. 
"    2,  A  fnigincnt  from  the  outer  portion  of  tlie  frond. 

DiCTYONEMA  nOBUSTA,  pagc  137. 

Figs.  3,  4.  Frngraenta  of  two  dilTercnt  fronds.   In  some  parts  of  the  specimen  fig.  3,  and 
in  all  of  fig.  4,  the  branches  arc  extremely  flattened  and  attenuate. 

DicTvoNEMA  (jnADiiANOULARis,  page  138. 
Fig.  5.  A  fragment  of  a  frond,  of  the  natural  size. 

DlCTYONEMA  MunuAYi,  page  \3S. 
Figs.  6,  7.  Fragments  of  two  fronds  ;  the  figures  of  the  natural  size. 
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EXPLANATIONS  OF  PLATE  XXI. 

Ftilookaptcs  plcmosub,  page  140. 

Fig.  1.  A  fragment  which  i.s  three  times  branched. 
"     -.  A  slender  simple  branch. 
"     3.  An  enlargement  from  the  specimen  fig.  1. 

"    4.  A  further  enlargement  of  a  portion  of  the  same ;  some  of  the  branches  showing 
markings  like  cell-apertures. 

Ptiloquaptus  Geinitzianus,  page  140. 

Fig.  5.  A  branching  fragment  showing  the  celluliferous  side. 
"     6.  A  fragment  whicli  is  irregularly  branclied,  showing  the  non-ccllulifcrou3  side. 
"     7.  A  single  branciilot  of  tiie  same  species. 
"     S.  An  enlargement  from  fig.  5,  showing  the  cell-apertures. 

TiiAMNocRArTUS  An.na,  page  Ml. 
Fig.  9.  A  fragment  of  the  species,  of  the  natural  size. 
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